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Once for prophylaxis. 
Once daily for cure. 


The prophylactic dose of ROCEPHIN is also the daily therapeutic dos 
ROCEPHIN, 1 gm given once prior to surgery” in adults, provides 
effective prophylaxis against infection and is on board throughout the 
perioperative period—even if surgery is delayed or prolonged. 


And ROCEPHIN, 1 to 2 gm given once a day in adults, is the usual 

therapeutic dosage for the following common postsurgical infections 
lower respiratory tract or skin/skin structure infections due to Staphy/ 
coccus aureus, Klebsiella pneumoniae end Proteus mirabilis; urinary 
tract infections due to Escherichia coli, K. pneumoniae and P mirabil 


Efficacy, economy, ease and generally well tolerated. ROCEPHIN: 1 ¢ 
once for prophylaxis, once daily for cure. 





Once-a-day 
Rocephin.... 


ceftriaxone sodium/Roche 





Usual adult daily dosage: 1 to 2 gm once a day 


As with any cephalosporin, there-exists the possibility of hypersensitivity reactions, 
especially in individuals with a history of sensitivity. 


© 1991 by Hoffmann-La Roche Inc. * in contaminated or potentially contaminated Please see adjacent page for summary of product 
All rights reserved. procedures (e.g., vaginal or abdominal information, which includes a list of adverse reactions. 
hysterectomy), and for patients in whom 
infection at the operative site would present 
serious risk (e.g., coronary artery bypass 
graft [CABG] surgery). 
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ER RESPIRATORY TRACT INFECTIONS caused by Strep. p eu momae, tococcus spe- 
(excluding enterococci), Staph. aureus, ri. influenzae, H. par: nfluenzae, Klebsiella species 
luding K. pneumoniae), E. coli, E. aerogenes, Prot&s mirabilis and Serratia marcescens. 


IN AND SKIN STRUCTURE INFECTIGNS caused by Staph. aureus, Staph. epidermidis, Strep- 
s species (excluding enterococci), E cloacae, Klebsiella species (including K. pneumo- 


ẹ), Proteus mirabilis and Pseudomoaas aeruginosa | 
RINARY TRACT INFECTIONS (complieatec and uncomplicated) caused by E. coli, Proteus mir- 
ilis, Proteus vulgaris, M. morganii arc Klebsiella species (including K. pneumoniae). 
JNCOMPLICATED GONORRHEA (cervical/urethral and rectal) caused by Neisseria gonor- 
*hoeae, including both penicillinase and nonpenicillinase producing strains, and pharyngeal gon- 
rrhea caused by nonpenicillinase producing strains of Neisseria gonorrhoeae. 


ELVIC INFLAMMATORY DISE ASE caused by N. gonorrhoeae. 
ACTERIAL SEPTICEMIA caused by Staph. aureus, Step. pneumoniae, E. coli, H. influenzae and 


. pneumoniae. 
ONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Streptococcus 
), E. coli, F. mirabilis. K. pneumoniae and Enterobacter species. 


iTRA-ABDOMINAL INFECTIONS causec by E. coliand K. pneumoniae. 

ENINGITIS caused by H. influenzae N. meningitic’s and Strep. pneumoniae. Ceftriaxone has 
also been used successfully in a lim tec number c cases of meningitis and shunt infections 
aused by Staph. epidermidis and E. col. 
























Although ceftriaxone has been shown to have been as effective 
as cefazolin in the prevention of infectionfollowing coronary artery 
bypass surgery, no placebo-contra'led trials have been conduct- 
evaluate any cephalosporin antibiotic in the prevention of 
ction following coronary artery Dypass surgery, When admin- 
ered before indicated surgical procedures, a single 1 gm dose 
vides protection from most infeetions due to susceptible orga- 
sms for duration of procedure. 
“SUSCEPTIBILITY TESTING: Before instituting @eatment with 
‘Rocephin, appropriate specimens should be obtained for isola- 
tion of the causative organism anditor determinatien of its suscep- 
tibility to the drug. Therapy may de instituted prior to obtaining 
results of susceptibility testing. 
CONTRAINDICATIONS: Rocephin is:containdicatee in patients with 
known allergy to the cephalosporin class of antibiotics. 
ee BEFORE THERAPY WITH ROCEPHINIS INSTITUTED, 
CAREFUL INQUIRY SHOULD BEIMACE TO DETERMINE WHETH- 
ER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY RE- 
CTIONS TO CEPHALOSPORINS, PENICILL NS OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN GAUTIOUSLY TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
‘DEMONSTRATED SOME FORM OF ALLERGY PARTICULARLY 
TO DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS 
MAY REQUIRE THE USE OF SUBCUTANEOUS EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 
Pseudomembranous colitis, reported with neariyall antibacterial agents, including ceftriaxone, may 
range in severity from mild to life-threatening. Thesetore, consider this diagnosis in patients who present 
with diarrhea subsequent to administration of antibacterial agents. 
Treatment with antibacterial agents alters normal flora of the colon and may permit overgrowth 
ōf clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 


“antibiotic-associated colitis.” 
After establishing diagnosis cf p 










































seudomembranous colitis, initiate therapeutic measures. Mild 
ases of pseudomembranous colitis usually mspond to drug discontinuation alone. In moderate 
e cases, consider management with fluids and electrolytes, protein supplementation and 
reatment with an oral antibaeteriel drug effective against C. difficile. 

ECAUTIONS: GENERAL: Altnougn transientslevations of BUN and serum creatinine have been 
observed, at the recommended dosages, the nephrotoxic potential of Rocephin is similar to that 
‘of other cephalosporins. 3 


Ceftriaxone is excreted via both biliary and nal exc 
fore, patients with renal failure normally require no adjustment in dosage when usual doses of 
Rocephin are administered, Sut concentrations of drug in the serum should be monitored period- 
„ically. If evidence of accumulation exists, desage should be decreased accordingly. 

Dosage adjustments shoulc not 3e necessary in patients with hepatic dysfunction; however, in 
ants with both hepatic dysfunction and significant renal disease, Rocephin dosage should not 
eed 2 gm daily without close monitoring of serum concentrations. 


retion (see Clinical Pharmacology). There- 


~ during therapy. 

Prolonged use of Rocephir may result in overgrowth of nonsusceptible organisms. Careful obser- 

vation of the patient is essential. If superimfection occurs during therapy, appropriate measures 

should be taken. 

ocephin should be preseribed with cauton in individuals with a history of gastrointestinal dis- 

ase, especially colitis. 

A Rare cases reported of sonographic abnoenalities seen in the gallbladder; patients may also have 

“symptoms of gallbladder disease. Thesa abnormalities, variously described as sludge, pre- 
pitations, echoes with shadows, may bemisinterpreted as concretions. Chemical nature of son- 
raphically-detected material not determined. Condition appears to be transient and reversible 

upon discontinuation of Rocephin anc conservative management. Therefore, discontinue 
Rocephin if signs and symptoms suggesaive of gallbladder disease and/or the sonographic find- 


the maximum duration o! treatment and the class of the compound, carcinogenicity studies with 
sftriaxone in animals have not been perormed. The maximum duration of animal toxicity studies 


agenesis: Genetic taxico'ogy tests imcluded the Ames test, a micronucleus test and a test for 
omosomal aberrations In human lymphocytes cultured in vitro with ceftriaxone. Ceftriaxone 
awed no potential for mutagenic activity in these studies. 

pairment of Fertility: Geftriaxone procuced no impairment of fertility when given intravenously to 
s at daily doses up te 586mg/kg/day. approximately 20 times the recommended clinical dose 


2 gm/day. 


mbryotoxicity, fetotoxcity or teratogenicity. In primates, no embryotoxicity or teratogenicity was 
monstrated at a dose aporoximately three times the human dose. 

ere are, however, ncedequate and well-controlled studies in pregnant women. Because animal 
productive studies are nct always predictive of human response, this drug should be used dur- 


g pregnancy only if sieany needed 


NURSING MOT c ‘ 
should be exercised when Rocephin is administered to a nursing woman. 
PEDIATRIC USE: Safety and effectiveness of | 
been established for the dosages described in the i 
studies have shown ceftriaxone, like some other cephalosporins, can displace bilirubin from ser- 
um albumin. Rocephin should not be administered to hype 
prematures. 
ADVERSE REACTIONS: Rocephin is gene 
reactions, which were considered to be 
observed: 
LOCAL REACTIONS — pain, ind 
reported (less than 1%) was phlebitis after |.V. administration. 
HYPERSENSITIVITY —rash (1.7%). Less frequently repo 
or chills. 
HEMATOLOG/C—eosinophilia (6%), t 
quently reported (less than 1%) were an 
prolongation of the prothrombin time. 
GASTROINTESTINAL —diarrhea (2.7%). Less frequently reported (less than 1%) were nausea 
or vomiting, and dysgeusia. Onset of pseudomem 
after antibiotic treatment (see WARNINGS). 


HEPATIC— 
were elevations of alkaline phosphatase and bilirubin. 


RENAL — elevations of the BUN 





ceftriaxone sodium/Roche 





during gestation and lactation, including postnatal 
ability ofthe offspring, at doses of 586 mg/kg/day or less. 


riaxone are excreted in human milk. Caution 













RS: Low co centrations of ceft 


Rocephin in neonates, infants and children have 
Dosage and Administration section. In vitro 


rbilirubinemic neonates, especially 


rally well tolerated. in clinical trials, the following adverse 
related to Rocephin therapy or of uncertain etiology, were 


uration or tenderness at the site of injection (1%). Less frequently 


rted (less than 1%) were pruritus, fever 


hrombocytosis (5.1%) and leukopenia (2.1%). Less fre- 
emia, neutropenia, lymphopenia, thrombocytopenia and 


branous colitis symptoms may occur during or 


elevations of SGOT (3.1%) or SGPT (3.3%). Less frequently reported (less than 1%) 


(1.2%). Less frequently reported (less than 1%) were elevations of 
creatinine and the presence of casts in the urine. 
CENTRAL NERVOUS SYSTEM—headache or dizziness were re- 
ported occasionally (less than 1%). 
GENITOURINARY — moniliasis or vaginitis were reported occa- 
sionally (less than 1%). 
MISCELLANEOUS —diaphoresis and flushing were reported oc- 
casionally (less than 1%). 
Other rarely observed adverse reactions (less than 0.1%) include 
leukocytosis, lymphocytosis, monocytosis, basophilia, adecrease 
inthe prothrombin time, jaundice, gallbladder sludge, glycosuria, 
hematuria, anaphylaxis, bronchospasm, serum sickness, a 
inal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis. 
DOSAGE AND ADMINISTRATION: Rocephin may be administered in- 
travenously or intramuscularly. The usual adult daily dose is 1 to 
2 gm given once a day (or in equally divided doses twice a 
day) depending on the type and severity of the infection. The total 
daily dose should not exceed 4 grams. 
For the treatment of serious miscellaneous infections in children, 
other than meningitis, the recommended ‘otal daily dose is 50 to 
75 mg/kg (not to exceed 2 grams), given in divided doses every 
12 hours. 
Generally, Rocephin therapy should be continued for at least two 
days after the signs and symptoms of infection have disappeared. 
The usual duration is 4 to 14 days; in complicated infections long- 
er therapy may be required. 
inthe treatment of meningitis, a daily dose of 100 mg/kg (not to ex- 
ceed 4 grams), given in divided doses every 12 hours, should be administered with or without a 


loading dose of 75 mg/kg. 
For the treatment of uncomplicated g 
is recommended. 
For preoperative use (surgical prophylaxis), a single 
fore surgery is recommended. 
When treating infections caused by Streptoc 
least ten days. 
No dosage adjustment is necessary for patients with impairment of renal or hepatic function; how- 
ever, blood levels should be monitored in patients with severe renal impairment (e.g., dialysis 
patients) and in patients with both renal and hepatic dysfunctions. 
HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied as a sterile crystalline powder in 
glass vials and piggyback bottles. The following packages are available: 
Vials containing 250 mg, 500 mg, 1 gmor 2 gm equivalent of ceftriaxone; piggyback bottles con- 
taining 1 gmor2gm equivalent of ceftriaxone; bulk pharmacy containers containing 10 gm equiv- 
alent of ceftriaxone (NOT FOR DIRECT ADMINISTRATION). 
Also supplied as a sterile crystalline powder as follows: 
ADD-Vantage Vials** containing 1 gm or 2 gm equivalent of ceftriaxone. 
Also supplied premixed as a frozen iso-osmotic, sterile, nonpyrogenic solution of ceftriaxone so- 
dium in 50 mL single dose plastic containers,’ as follows: 
1 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.9 gm dextrose hydrous, USP 


added. 
2 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.2 gm dextrose hydrous, USP 


added. 

NOTE: Rocephin in the frozen state should not be stored above -20°C. 

*Registered trademark of Abbott Laboratories, Inc. 

tManufactured for Roche Laboratories, a division of H 
ratories, Inc., Deerfield, Illinois 60015. 
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onococcal infections, a single intramuscular dose of 250 mg 
dose of 1 gm administered 1/2 to 2 hours be- 


occus pyogenes, therapy should be continued for at 


offmann-La Roche Inc., by Travenol Labo- 
Revised: February 1991 


Roche Laboratories 


a division of Hoffmann-La Roche Inc. 


340 Kingsland Street 
Nutley, New Jersey 07110- 199 














The Osler Institute 


Surgery Boards Review Course 
February 7-9, 1992 —-Houston March 27-29, 1992 — San Diego 


May 29-31, 1992 — Indianapolis 


September 7-13, 1992 — Philadelphisw 


Now, your course for written and oral beards offers unlimited mock exame 
METHODS 


OBJECTIVES 


e Increase knowledge of surgical principles and practice 
è Prepare candidates to take written and oral board exams 
è Provide a comprehensive review for recertification 





"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 


e HME STUDY questions, assignments and answers 
è SEMINAR with slides and syllabus (Part I course only) 
è PF ACTICE EXAMS for your oral boards 





not only from world-famous authorities, but from people who are relatively unkzown as well."* 


Part II Courses: 
February 7-9 — Houston 
Marriott Medical Center 
March 27-29 — San Diego 
San Diego Princess 
May 29-31 — Indianapolis 
Airport Hilton Hotel 
The Part II Course is designed 
to prepare board candidates for 
oral exams. The course will 
consist of mock oral exams, 
each based on a presenting 
problem leading to questions 
on differential diagnosis, treat- 
ment options, and complica- 
tions. Faculty will critique 
each exam and answer ques- 
tions. 
Each participant will have an 
exam and critique session and 
unlimited observation of other 
sessions. Additional 25 minute 
sessions may be arranged for 
$70, and private sessions (i.e., 
no other participants observ- 
ing) may be arranged for $100. 


Part II Topics 
Abdominal Surgery 
Breast and Skin 
Critical Care 

Head and Neck 
Thorax and Trauma 
Vascular Surgery 
Endocrine Surgery 


Name 
Address 
City/State/Zip 


Phone 


P.O. Box 2218 
Terre Haute, IN 47802 


Mail today to: 


1094 Dawn Lane, Dept. 201 


Faculty 


February 7-9 — Houston 
Richard Evans 

Univ. of Texas, M.D. Anderson 
William McKinnon, M.D. 
Alton Oschner Clinic 

Mark Roh, M.D. 

Univ. of Texas, M.D. Anderson 
F. Clark Sauls, M.D. 
Alexandria, Louisiana 

Joseph Stothert, M.D. 
Univ. of Texas, Galveston 


John Yatsu, M.D. 
L.B.J. Hospital, Houston 


March 27-29 — San Diego 
Harry Applebaum, M.D. 
Univ. of Southern California 
Richard Davies, M.D. 
Univ. of California, San Diego 
Ron Feinstein, M.D. 

Univ. of Calif., Los Angeles 
Paul Glatleider, M.D. 
Cedars Sinai Medical Center 
David Hoyt, M.D. 

Univ. of California, San Diego 
Robert Hye, M.D. 

Univ. of California, San Diego 
Janet Ihde, M.D. 

Loma Linda University 
Marvin Kaplan, M.D. 
Univ. of Calif., Los Angeles 


Thomas Robins, M.D. 
Univ. of California, San Diego 


Part I Courses: 
Sept. 7-13 —Philadelphia 
October 14-20 - Chicago 


Basic Surzery 
Anatomy 

Physiology 
Anesthesio.ogy 

Shock 

Neoplasia 
Transplantaion 
Trauma and Burns 
Surgical Criical Care 
Pre- and Pos:-op. Care 


General Surgery 
Alimentary ‘bract 
Abdomen 

Breast and Skin 
Endocrine 

Head and Neck 


Special Surgery 
Thoracic Surgery 
Cardiac Surgery 
Vascular Surgery 
Orthopedic Suzgery 
Hand Surgery 
Pediatric Surgery 
Urologic Surgery 
Gynecologic Surgery 
Neurosurgery 
Ophthalmology 
Plastic Surgery 


Limited Enrollment: SURGERY BOARDS REVIEW REGISTRATION 


For: [L] Part I Course: 
[C] Part II Course: 


date 


city 


L] Check is enclosed for $ 
[C] Please send FREE SAMPLE 





"remarkably complete and pleasant...."* 


COURSES: The Part I course (consisting « 
lectures andevening mock oral exams) is give 

a month before and the week before writte 
and recertification exams. The Part II cours: — 
(mock oral exams) is given for three da 
before and in the same city as each oral wo 
Each participant is guaranteed a one-on-or 
public mock oral and can purchase addition. 
public or private exams. Past participants rec 
ommend repeating our courses, for half prices” 
immediately before your exam. 


"Accommodations were comfortable....'* 


LOCATION: Houston — The Marriott Med. 

cal Center, $120 single, $148 double; Sam | 
Diego — The San Diego Princess Resort, $11 
single, $155 double; Indianapolis — The Aime” 
port Hilton Hotel, $92 single, $117 double. 


” „and those little extras....""* 


DISCOUNT AIR FARES: Please call tol 
free (800) 548-8185 for group discount ra 


the most education for the money."* 


FEES AND CATEGORY 1 HOURS: 
Surgeon or Resident: Surg. Res. Hrs 

è Part [course (7 days): $810 
repeating within 2 years: $405 

è Part II course (3 days): $570 
repeating within 2 years: $285 

è Extra mock oral exam: $ 70 

è Private mock oral exam: $100 $100 

è Add 10% within 10 days of the course. 

© Attendees not in course hotel add $20/day. 

è Deposit of $50 will reserve your position. 

è Subject to a $50 fee, refunds will be made" 
until the seminar begins. 

è Cancellation after mailing home study ma 
terial requires retention of half the fee. 


" home study material was exiremely helpful." 
ACCREDITATION: Jointly sponsored bye 
S. 


Penn State’s College of Medicine at The Mil 
Hershey Medical Center. Penn State is j 
by the Accreditation Council for Continuing Med- 
ical Education (ACCME) to sponsor continuing) 
medical education for physicians. 
CREDIT: Penn State designates this continui 
medical education activity for up to 65 
hours in Category 1 of the Physician’s 
tion Award of the American Medical 
"I feel [the course] helped me pass..."* 
INFORMATION: 

1094 Dawn Lane, Terre Haute, IN 478 


(800) 356-7537 or (812) 299-565 
*Comments by Osler participants 
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COMMENTARY 
Molecular Biology: The Message, Its Language, 15 


and the Surgeon 
Edward Passaro, jr, MD 


PAPERS PRESENTED AT THE ELEVENTH ANNUAL 
SURGICAL INFECTION SOCIETY MEETING: PART | 


CT 
16 


The Making of a Surgeon Revisited 


Roger W. Yurt, MD 
Catheter Sepsis in Short-Bowel Syndrome 21 
Arlet G. Kurkchubasche, MD; Samuel D. Smith, MD; Marc |. Rowe, MD 


e This study supports translocation as 4 mechanism in catheter sepsis in patients with 


short-bowel syndrome. 
ity After Thermal Injury 26 


Alterations in Intestinal Permeabil 
CPT Thomas LeVoyer, MC, USA; MAJ W. G. Cioffi, Jr, MC, USA; 
CPT Laura Pratt, MC, USA; MAJ Ronald Shippee, MC, USA; 
COL William f. McManus, MC, USA; A.D. Mason, jr, MD; 

COL B. A. Pruitt, Jr, MC, USA 


eè A relationship between susceptibility to infection and early alterations in intestinal 


permeability is suggested. 
31 


Liver Nonparenchymal Cells Are Stimulated to Provide 
interleukin 6 for induction of the Hepatic 
Acute-Phase Response in Endotoxemia but Not in 


Remote Localized Inflammation 
Timothy R. Billiar, MD; Ronald D. Curran, MD; 
Debra L. Williams; Paul H. Kispert, MD 


ə Nonparenchymal cells are stimulated to provide IL-6 signal to hepatocytes in 
ndotoxemia but not in remote localized inflammation. 


) 
Analysis of Infectious Complications Occurring 38 
After Solid-Organ Transplantation 
Kenneth L. Brayman, MD, PhD; Edic Stephanian, MD; 
Arthur J. Matas, MD; Walter Schmidt; William D. Payne, MD; 
David E. R. Sutherland, MD, PhD; Paul F. Gores, MD; 
John S. Najarian, MD; David L. Dunn, MD, PhD 
Infection remains a major cause of both patient demise and allograft loss 
following successful solid organ transplantation. 


Continued on page 7. 
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TORADOIL® IM (ketorolac tromethamine) is a product of Syntex Laboratories, Inc. 








NARCOTIC 
STRENGTH 

WITHOUT THE _ 
COMPLICATIONS 


The first injectable analgesic NSAID— 
for the short-term management of pain 


As powerful and as fast as, but longer acting than meperidine 
100 mg IM and morphine 12 mg IM 






Start recovery without narcotic 
side effects * 


No respiratory depression,’ no hypotension? 
Less nausea and vomiting, fewer CNS effects? 
Nonsedating as compared with placebo in ambulatory patients* 


Nonopiate, nonaddictive, nonscheduled 


TORADO 


ketorolac tromethamine 


*As with other nonsteroidal drugs, the most frequently reported side effects are gastrointestinal, with some 
GI symptoms reported by 3% to 9% of patients in clinical trials. See “Warnings,” “Precautions” and “Adverse 
Reactions” sections of product information. 


| IRA 


INJECTION 
15,30,60 MG 





References: 1. Brandon Bravo LIC, et al. The effects on ventilation of ketorolac in comparison with morphine. Eur J Clin 
Pharmacol. 1988;35:491-494. 2. Camu F et al. Hemodynamic effects of ketorolac tromethamine in comparison to morphine in 
anesthetised patients. In: 9th World Congress of Anaesthesiologists, Abstracts Volume |: Scientific Papers AOOO! to A0506; 
May 22-28, 1988; USA. Abstract AOI6Z 3. Data on file, Syntex Laboratories, Inc. (ICM studies: 994, 1060, 1234, 1254, 
1302). [TORADOL 30 mg IM (N=509), morphine 10 mg/12 mg IM (N=151) multidose studies; TORADOL 30 mg IM (N=103), 
meperidine 100 mg IM (N=102) single-dose studies. Nausea: TORADOL 8%, morphine 21%/TORADOL 3%, meperidine 20%; 
Vomiting: TORADOL 5%, morphine 9%/TORADOL 1%, meperidine 12%; Somnolence: TORADOL 14%, morphine 34%/ 
TORADOL 6%, meperidine 14%; CNS Effects: TORADOL 23%, morphine 44%/TORADOL 21%, meperidine 30%.] 4. Data on 
file, Syntex Laboratories, Inc. (ICM study: 1324). 


Please see summary of product information on following page. PI. 1289 1786-8000-011-021 





TORADOL® (ketorolac tromethamine) 
Brief 


Summary 
TORADOL is a nonsteroidal anti-inflammatory drug (NSAID). TORADOL 15 mg/ml solution contains 10% (w/v) alcohol, USP, 
and 6.68 mg sodium chloride in sterile water. The 30 mg/ml solution contains 10% (w/v) alcohol, USP. and 4.35 mg sodium 
chloride in sterile water. The pH is adjusted with sodium hydroxide or hydrochloric acid. Indications and Usage: Indicated 
for the short-term management of pain. Not recommended for use as an obstetrical preoperative medication or for obstetrical 
analgesia because it has not been adequately studied and because of the known effects of NSAIDs on uterine contraction and 
fetal circulation. Not recommended for routine use with other NSAIDs because of the potential for additive side effects. 
TORADOL protein-binding is affected by aspirin but not by acetaminophen, ibuprofen, naproxen or piroxicam. Studies with 
other NSAIDs have not been done. Has been used concomitantly with morphine and meperidine without adverse interactions. 
Contraindications: Do not use in patients with hypersensitivity to ketorolac or with the complete or partial syndrome of 
nasal polyps, angioedema, and bronchospastic reactivity to aspirin or other NSAIDs. Warnings: Although TORADOL 
Injection is recommended for short-term use only, long-term administration of oral ketorolac has shown that this drug shares 
the risks of other NSAIDs when taken chronically. Serious GI toxicity, such as bleeding, ulceration, and perforation, can occur at 
any time, with or without warning symptoms, in patients treated chronically with NSAIDs. Remain alert for ulceration and 
bleeding in such patients, even in the absence of previous GI tract symptoms. In clinical trials, symptomatic upper Gl ulcers, 
gross bleeding or perforation appear to occur in approximately 1% of patients treated for 3-6 months, and in about 2-4% of 
patients treated for 1 year. Inform patients about the signs and/or symptoms of serious Gl toxicity and what steps to taket they 
occur. Studies have not identified any subset of patients not at risk of developing peptic ulceration and bleeding. Except for a 
prior history of serious GI events, and other risk factors known to be associated with peptic ulcer disease. such as alcoholism, 
smoking, etc., no risk factors (e.g. age, sex) have been associated with increased risk. Elderly or debilitated patients seem to 
tolerate ulceration or bleeding less well than others and most spontaneous reports of fatal GI events ate in this population. 
High doses of an NSAID probably carry a greater risk of these reactions. In considering the use of relatively large doses (within 
the recommended dosage range), sufficient benefit should be anticipated to offset the potential increased risk of GI toxicity. 
Precautions: Impaired Renal or Hepatic Function: As with other NSAIDs, use with caution in patients with impaired renal or 
hepatic function, or a history of kidney or liver disease. Renal Effects: As with other NSAIDs, long-temm administration to 
animals resulted in renal papillary necrosis and other abnormal renal pathology. In humans, hematuria and proteinuria have 
occurred in long-term trials with oral ketorolac with a frequency and degree similar to aspirin. A second torm of renal toxicity 
has been seen in patients with conditions leading to a reduction in blood volume and/or renal blood flow. in these patients, an 
NSAID may precipitate overt renal failure. Patients at greatest risk are those with impaired renal function, heart failure, liver 
dysfunction, taking diuretics, and the elderly. Discontinuation of the NSAID is typically followed by recovery. Use with caution 
in patients with impaired renal function as reduced creatinine clearance results in reduced clearance of the drug. Follow such 
patients closely. Fluid Retention and Edema: These have been reported with NSAIDs; use TORADOL with caution in patents 
with cardiac decompensation, hypertension, or similar conditions. Hepatic Effects: With NSAIDs, borderline elevations of liver 
tests may occur in up to 15% of patients. These may progress, remain unchanged, or disappear with continued therapy. 
Elevations of ALT (SGPT) or AST (SGOT) occurred in clinical trials with oral ketorolac in less than 1% of patients. Evaluate a 
patient with symptoms and/or signs suggesting liver dysfunction, or in whom an abnormal liver test has occurred, for evidence 
of a more severe hepatic reaction. Hematologic Effects: TORADOL inhibits platelet aggregation and may prolong bleeding time 
but does not affect platelet count, prothrombin time (PT) or partial thromboplastin time (PTT). Carefully observe patients with 
coagulation disorders or who are receiving drug therapy that interferes with hemostasis. Inhibition of platelet function by 
TORADOL disappears within 24-48 hours after the drug is discontinued. In clinical studies, the incidence of clinically 
significant postoperative bleeding was 0.4% compared to 0.2% in the groups receiving opiates. Drug /nteractions: TORADOL is 
highly bound to plasma protein (mean 99.2%), independent of concentration. /n vitro binding of warfarin to plasma proteins is 
slightly reduced by TORADOL (99.5% control vs 99.3% with TORADOL 5-10 g/mL}. TORADOL does not alter digoxin protein 
binding. At therapeutic concentrations of salicylate (300 zeg/mL), in vitro binding of TORADOL was reduced from 99.2% to 
97.5%, a potential 2-fold increase in unbound TORADOL plasma levels; hence, use TORADOL with cautien (or at a reduced 
dosage) in patients being treated with high dose salicylate regimens. Therapeutic concentrations of digoxin, warfarin, 
ibuprofen, naproxen, acetaminophen, phenytoin, tolbutamide and piroxicam did not alter TORADOL proteinbinding. In a study 
of 12 healthy volunteers given TORADOL 10 mg orally for 6 days prior to co-administration of a single dose of warfarin 25 mq, 
no significant changes in pharmacokinetics or pharmacodynamics of warfarin were detected. In another study of 12 healthy 
volunteers, co-administration of heparin 5000 U s.c. and TORADOL did not show any pharmacodynamic effects of the 


TORADO® M (ketorolac tromethamine) 

combinatio on template bleeding time or kaolin cephalin clotting time. There is no evidence that TORADOL induces or inhit 
the hepatic=nzymes capable of metabolizing itself or other drugs. Some NSAIDs inhibit renal lithium clearance, leading 
increased pasma concentration. This has not been studied with TORADOL. Some NSAIDs reduce the clearance 
methotrexate, enhancing its toxicity. This has not been studied with TORADOL. TORADOL has been administered concurrer 
with morphme in clinical trials without adverse interactions. Carcinogenesis, Mutagenesis, and Impairment of Fertili 
Studies in mace and rats at oral doses equal to or 2.5 times the parenteral MRHD (Maximum Recommended Human Dos 
respectivelysshowed ne evidence of tumorigenicity. Ketorolac was not mutagenic in tests with S. typhimurium, S. cerevisi 
or E. coli ane did not cause chromosome breakage in the in vivo mouse micronucleus assay. Impairment of fertility did a 
occur in male or female rats at oral doses 4.5 and 8 times the parenteral MRHD, respectively. Pregnancy: Pregnancy Catege 
B: Reproducson studies in rabbits and rats with daily oral doses 1.8 and 5 times the parenteral MRHD, respectively, did r 
reveal evide ce of harm to the fetus. Ketorolac caused delayed parturition and dystocia in rats at oral doses higher thant 
parenteral MHD, like other NSAIDs. There are no adequate and well-controlled studies in pregnant women. TORADOL shot 
be used durim pregnancy only if clearly needed and no known safer alternatives are available. Labor and Delivery: TORADOL 
not recommended for use during labor and delivery. Lactation and Nursing: After a single oral dose of TORADOL 10 mg 
humans, thesnaximum milk concentration was 7.3 ng/mL and the maximum milk-to-plasma ratio was 0.037. After one day 
dosing (qid), the corresponding values were 7.9 ng/ml and 0.025. Use caution when TORADOL is administered to a nursi 
woman. Pegætric Use: TORADOL is not recommended for use in children. Use in the Elderly: Because ketorolac is clean 
more slowly le the elderly, who are also more sensitive to renal effects of NSAIDs, use extra caution and reduced dosages whi 
treating the aderly Adverse Reactions: Adverse reaction rates from short-term use of NSAIDs are generally 1/2 to V 
the rates asseciated with chronic usage. This is also true for TORADOL. in studies of patients treated for up to 1 year, tl 
incidence of =rious and nonserious ADRs, including GI tract ulceration and bleeding (yearly rate 1.2 10 5.4%), associated wi 
oral ketorolae 10 mg, 1 10 4 times per day prn, was comparable to treatment with aspirin 650 mg pr. Be alert for the usu 
complication --of NSAID treatment. The adverse reactions listed below were reported to be probably related to TORADOL 
trials in whiclapatients received up to 20 doses of TORADOL 30 mg IM in 5 days. /ncidence greater than 1%: Body as a whol 
edema. Gl: naasea” dyspepsia* GI pain* diarrhea. Nervous system: drowsiness dizziness, headache, sweating. Injecti 
site pain waszeported by 2% of patients in multidose studies (vs 5% for morphine). *Incidence of reported reaction 3%-9' 
Reactions ocemrring in less than 3% are unmarked. /ncidence 1% or less: Body as a whole: asthenia, myalgia. Cardiovascul; 
vasodilation, sallor. Dermatologic: pruritus, urticaria. Gl: constipation, flatulence, GI fullness, liver function abnormalit 
melena, pept ulcer, rectal bleeding, stomatitis, vomiting. Hemic and lymphatic: purpura. Nervous system: dry m 
nervousness, aaresthesia, abnormal thinking, depression, euphoria, excessive thirst, inability to concentrate, insomni 
stimulation, vertigo. Respiratory: dyspnea, asthma. Special senses: abnormal taste, abnormal vision. Urogenital: increase 
urinary frequescy, oliguria. Drug Abuse and Physical Dependence: TORADOL is not a narcotic agonist or antagonis 
Subjects did nex show any symptoms or signs of withdrawal upon abrupt discontinuation of IV or IM dosing. Patients receivir 
TORADOL orašy for = 6 months have not developed tolerance and there is no pharmacologic basis to expect addictioi 
TORADOL didiwot exhibit activity in classical animal studies which are reasonable predictors of opiate analgesic action. 1 
vitro, TORAOC_ does not bind to opiate receptors. Thus, TORADOL does not have central opiate-like activity. Overdosagt 
Lack of expermnce with acute overdosage precludes characterization of sequelae and assessment of antidotal efficacy. / 
single oral doses > 100 mg/kg in rats, mice and monkeys, symptoms such as decreased activity, diarrhea, pallor, labore 
breathing, rales. and vomiting were observed. Dosage and Administration: TORADOL may be used on a regular schedul 
Or prn, althougs current recommendations for pain management are to use analgesics on a regular schedule rather than pr 
based on the raturn of pain. For the short-term management of pain the recommended initial dose is 30 or 60 mg IM as 
loading dose, ‘allowed by half of that (15 or 30 mg) every 6 hours as long as needed to control pain. The recommende 
maximum totaiedaily dose is 150 mg for the first day and 120 mg/day thereafter. The lower end of the dosage range | 
recommended ær patients under 50 kg (110 pounds), for patients over 65 years of age, and for patients with reduced ren: 
function. CAUTION: Federal law prohibits dispensing without prescription. 
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Se are re cor ai ae 
Ibuprofen Improves Survival but Does Not Ameliorate 49 


increased Gut Mucosal Permeability in Endotoxic Pigs 

Mitchell P. Fink, MD; Krista L. Kaups, MD; 

Hailong Wang, MD; Heidie R. Rothschild 

e Mediators other than cyclooxygenase-derived metabolites of arachidonic acid are 
responsible for the adverse effect of lipopolysaccharide on mesenteric permeability. 
Clinical Relevance Statement: Roger W. Yurt, MD 


A Randomized Prospective Trial of Acyclovir and 55 
Immune Globulin Prophylaxis in Liver Transplant 

Recipients Receiving OKT3 Therapy 

Robert J. Stratta, MD; Mark S. Shaefer, PharmD; 

Kathleen A. Cushing, RN; Rodney S. Markin, MD, PhD; 

Elizabeth C. Reed, MD; Alan N. Langnas, DO; 

Todd J. Pillen, PA; Byers W. Shaw, Jr, MD 


eè Intravenous immunoglobulin plus oral acyclovir is safe and effective in preventing 
non-cytomegalovirus viral infections and fungal infections, conferring a survival 
advantage with fewer deaths due to sepsis. 


Inhibitory Effects of Interleukin 6 on Immunity: 65 
Possible Implications in Burn Patients 

Daohong Zhou, MD; Andrew M. Munster, MD; 

Richard A. Winchurch, PhD 


eè Extraordinary increases in the IL-6 may be related to impaired T-cell responses and 
to an increased susceptibility to infection in the burn patient. 


EAE eee RNC ee EEE 
Chloroquine Attenuates Hemorrhagic Shock—Induced 70 


Immunosuppression and Decreases Susceptibility to Sepsis 

Wolfgang Ertel, MD; Mary H. Morrison, MS; 

Alfred Ayala, PhD; Irshad H. Chaudry, PhD 

@ Chloroquine may be a useful adjunct in the treatment of shock-induced 
immunosuppression and increased susceptibility to sepsis following hemorrhage. 
invited Commentary: Frank R. Lewis, MD 


wedra oe ee ee ee 
The Necessity and Efficiency of Wound Surveillance 77 
After Discharge 


John A. Weigelt, MD; Donna Dryer, RN; Robert W. Haley, MD 


è Shorter postoperative hospital stays lead to under-reporting of wound infections 
unless outpatient surveillance is in place. 


ORIGINAL ARTICLES 
Guidelines for Clinical Care: Anti-infective Agents for 83 


intra-abdominal Infection: A Surgical Infection Society 

Policy Statement 

John M. A. Bohnen, MD; Joseph S. Solomkin, MD; 

E. Patchen Dellinger, MD; H. Stephen Bjornson, MD; Carey P. Page, MD 


e Guidelines for selection of antibiotic therapy for intra-abdominal infections are provided. 
invited Commentary: Robert E. Condon, MD, MS 


ee er er i ee 
Chronic Pancreatitis Beginning in Childhood and Adolescence 90 
J. Miles Little, MD, MS, FRACS, FACS; Noel Tait, FRACS; 
Arthur Richardson, FRACS; Reuben Dubois, MD, FRACP 
e Chronic pancreatitis beginning at a young age is compatible with prolonged survival 
and does not seem to burn out with time. 
Continued on page 9. 
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Applications are now being taken for 
the Morris Fishbein F ellowship in 
Medical Journalism sponsored by the 
American Medical Association. 





Physicians interested in making a 
substantial commitment to medical 
journalism are invited to apply for this 
full-time one-year fellowship program. 


pe a a OO 


Work With JAMA The successful 
candidate will work with the editorial 
and production staff of The Journal 
of the American Medical Association 
in all facets of editing and publishing 
a major weekly medical journal. At 
the completion of the program, it is 
expected that the candidate will be 
proficient in all aspects of manuscript 
selection, issue makeup, copy editing 
and styling, art and layout of articles, 
issue planning and Managing, in addi- 
tion to the many other elements of 
journal publication. He/she will also 
be conversant with marketing and 

ad vertising procedures. 


Publishing The candidate must have 
proved writing ability at the time of 
application, for he/she will be required 
during the course of the year to pre- 
pare such articles for publication as 
may be assigned. Although the fellow 
will work under the supervision of a 
physician-editor, ability to work inde- 
pendently is a must. 


Stipend A stipend of $40.000 wll be 
provided to the successful candidate 
to cover the l-year period. 


Application Forms For an application 
blank, please write to: Helene M. 
Cole, MD, Senior Editor, Director, 
Department of Editorial Affairs, 
Journal of the American Medical 
Association, 515 N. State St. 
Chicago, IL 60610. 


Deadline For Applying Completed 
applications should be forwarded as 
soon as possible and must be recerved 
no later than March 1, 1992. 
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OSmithKline Beecham. 199] 
XP SmithKline Beecham 
Philadelphia, PA 19101 


See complete prescribing information in SmithKline Beecham 
Pharmaceuticals literature or PDR. The following is a brief 


summary. 
Sterile ticarcillin disodium for Intravenous 


TIMENTIN® and clavulanate potassium Administration 


INDICATIONS AND USAGE: TIMENTIN®is indicated in the treatment 
of infections caused by abt ba Strains of the designated 


Organisms in the conditions listed below 
(ial Septicemia: including bacteremia, caused by 8-lactamase 


Producing strains of Klebsiella spp., E. coli Staphyiococcus aureus 
and Pseudomonas aeruginosa (and other Pseudomonas species) 
Lower Respiratory Infections: caused by 8-lactamase producing 
Strains of Staphylococcus aureus, Hemophilus influenzae and 
Klebsiella spp ne an int Infections: caused by fi-lactamase 
producing strains of Staphylococcus aureus. Skin and Skin 
Infections: caused by 8-lactamase Producing strains of 
Staphylococcus aureus, Klebsiella spp., and E. coli. Urinary Tract 
Infections (complicated and uncomplicated): caused by 8-lactamase 
producing strains of E. coli, Klebsiella spp., Pseudomonas aeruginosa 
(and other Pseudomonas species), Citrobacter spp., Enterobacter 
cloacae, Serratia marcescens, and Staphylococcus aureus 
Gynecologic Infections: Endometritis caused by B-lactamase 
producing strains of B eS i a Enterobacter spp. (including 
E. cloacae’), Escherichia coli. Klebsiella pneumoniae, Staphylococcus 
aureus, and Staphylococcus epidermidis 

While TIMENTIN is indicated only for the conditions listed above, 
infections caused by ticarcillin Susceptible organisms are also 
amenable to TIMENTIN treatment due to its ticarcillin content 
Therefore, mixed infections caused by ticarcillin susceptible organisms 
and §-lactamase producing organisms Susceptible to TIMENTIN 
should not require the addition of another antibiotic 

ADVERSE REACTIONS: As with other penicillins. the following 
adverse reactions may occur: Hypersensitivity reactions. skin rash. 
pruritus, urticaria, arthralgia, myalgia, drug fever, chills, chest 
discomfort, and anaphylactic reactions. Central nervous system 
headache, giddiness, neuromuscular hyperirritability or convulsive 
seizures. Gastrointestinal disturbances: disturbances of taste and 
Smell, stomatitis, flatulence, nausea, vomiting and diarrhea. e igastric 
pain. Hemic and Lymphatic systems: throm ocytopenia, leukopenia, 
neutropenia, eosinophilia and reduction of hemoglobin or hematocrit 





ent 


Covers gram-negative and 


overage — 





vivo efficacy w 


tion below. 


Prolongation of prothrombin time and Dieeding time. Abaormalities 
of hepatic and renal function tests: elevation of serur aspartate 
aminotransferase (SGOT), serum alanine aminotransferase (SGPT) 
serum alkaline phosphatase, serum LDH, serum bilirubin. Rarely 
transient hepatitis and cholestatic jaundice-as with Sme other 
penicillins and some cephalosporins. Elevation of Serum creatinine 
and/or BUN, hypernatremia. Reduction in serum potassium and uric 
acid. Local reactions: pain, burning Swelling and induraion at the 
injection site and thrombophlebitis with intravenous adn nistration 
Overdosage: As with other penicillins, TIMENTIN in over osage has 
the potential to cause neuromuscular nyperirritability or convulsive 
seizures. Ticarcillin may be removed from circulation by hemodialysis 
The molecular weight, degree of protein binding and pharmacokinetic 
profile of clavulanic aci together with information fron a single 
patient with renal insufficiency all suggest that this compound may 
also be removed by hemodialysis 
CONTRAINDICATIONS: TIMENTIN is contraindicated n patients 
with a history of hypersensitivity reactions to any of the pencillins 
WARNINGS SERIOUS AND OCCASIONALL’ FATAL 
HYPERSENSITIVITY (ANAPHYLACTOID) REACTIONS HaVE BEEN 
REPORTED IN PATIENTS ON PENICILLIN THERAPY. THESE 
REACTIONS ARE MORE LIKELY TO OCCUR IN INDIVIDUAES WITH A 
HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR A HISTORY 
OF SENSITIVITY TO MULTIPLE ALLERGENS THERE HVE BEEN 
REPORTS OF INDIVIDUALS WITH A HISTORY OF PENICILLIN 
HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE R ACTIONS 
WHEN TREATED WITH CEPHALOSPORINS. BEFORE IMITIATING 
THERAPY WITH TIMENTIN, CAREFUL INQUIRY SHOULD 3E MADE 
CONCERNING PREVIOUS HYPERSENSITIVITY REACBONS TO 
PENICILLINS, CEPHALOSPORINS, OR OTHER DRUGS. IF AN 
ALLERGIC REACTION OCCURS. TIMENTIN SHOJLD BE 
DISCONTINUED AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE 
EMERGENCY TREATMENT WITH EPINEPHRINE. XYGEN, 
INTRAVENOUS STEROIDS, AND AIRWAY MANAGEMENT, INCLUDING 
INTUBATION, SHOULD ALSO BE PROVIDED AS INDICATED. 
PRECAUTIONS: While TIMENTIN possesses the charact ristic low 
toxicity of the penicillin group of antibiotics, organ system functions 
should be assessed periodica ly during therapy 
Bleeding manifestations have occurred in some patients receiving 
§-lactam antibiotics. These reactions have been associ ted with 
abnormalities of coagulation tests such as Clotting time platelet 
‘aggregation and prothrombin time and are more likely to occur in 





patients with renal impairment. If bleeding n 
TIMENTIN treatment should be discontinued and appropriate therapy 
instituted 

TIMENTIN has only rarely been reported to cause hypokalemia 
Periodic monitoring of serum potassium may be advisable in patients 
receiving prolonged therapy 

Pregnancy (Category B): Reproduction 


lanifestations appear 


Studies have beer 
performed in rats given doses up to 1050 mg/kg/day and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
TIMENTIN. There are, however, no adequate and well controlled 
Studies in pregnant women. Because animal reproduction Studies are 
not always predictive of human response. this arug should be used 
during pregnancy only if clearly needed 

DOSAGE AND ADMINISTRATION: TIMENTIN should be 
administered by intravenous infusion (30 m sual recommended 
dose for systemic and urinary tract infections tor average (60 kg) 
adults is 3.1 Gm TIMENTIN (3.1 Gm vial containing 3 Gm ticarcillin 
and 100 mg clavulanic acid) given every 4 to 6 hours. For gynecologic 
infections TIMENTIN should be administered as follows: Moderate 
infections 200 mg/kg/day in divided doses every 6 hours and for 
severe infections 300 mg/kg/day, based on ticarcillin content. 
divided doses every 4 hours. For patients weighing less than 60 kg 
the recommended dosage is 200-400 mg/kg/day. based on ticarcillin 
content, given in divided doses every 4 to 6 hours. In urinary tract 
infections, a dosage of 3.2 Gm TIMENTIN (3.2 Gm via containing 3 
Gm ticarcillin and 200 mg clavulanic acid) given every 8 hours is 
adequate. Please see official package insert for details on dosages for 
other patients, including those with renal insufficiency, and directions 
for use 

SUPPLIED: 3.1 Gm and 3.2 Gm Standard Vials. 3.1 Gm and 3.2 
Gm Piggyback Bottles: 31 Gm Bulk Pharmacy Package, 3.1 Gm ADD- 
Vantage™ Antibiotic Vial 
“Efficacy for this organism in this organ system was studied in fewer 
than 10 infections 7548/H-BS 


Reference: 

1. Cuchural GJ Jr, Tally FP, Jacobus NV, et al: Comparative activities 
of newer B-lactam agents against members of the Bacteroides 
fragilis group. Antimicrob Agents Chemother 1990:34:479-480. 
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Hypertonic Saline Treatment of Uncontrolled 


Hemorrhagic Shock at Different Periods From Bleeding 
Michael M. Krausz, MD; Ezekiel H. Landau, MD; 
Baruch Klin, MD; Diza Gross, PhD 


e Early volume resuscitation without control of hemorrhage increased mortality 
in a rat model. 


Somatostatin in the Management of Gastrointestinal Fistulas: 


A Multicenter Trial 

Antonio J. Torres, MD; José I. Landa, MD; Mariano Moreno-Azcoita, MD; 
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Molecular Biology: The Message, Its Language, 


T he message is on the wall, but it 
is not easy to reac. Simply 
stated, it says that molecular biology 
is in the process of fundamentally 
changing both our concep*s and our 
treatment of disease. As if that were 
not enough, we are also seeking to 
learn about what we call “life” in the 
human genome project. The pity is 
that not many surgeons understand 
either the language, the implications 
of the message, or even their role in 
the conversation. This needs to be 
changed promptly. 

It is curious that such a profound 
message would be writter in such an 
arcane language. Cosmids, YACs, 
centi-morgans, RFLPs, telemeric, 
and contigs are not in the parlance of 
the practicing surgeon. The language 
is not our tongue. The reasons are 
obvious. Most of the advances in 
molecular biology have occurred in 
the past few years. The vocabulary is 
new. Moreover, the rate at which the 
advances have come exceeds our ca- 
pacity to incorporate them quickly 
into curricula. Thus, medical stu- 
dents fare only slightly better than 
practicing surgeons at understand- 
ing the language. Neither group gets 
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and the Surgeon 


to read the literature of molecular bi- 
ology since it is spread among widely 
diverse journals that are technically 
oriented and seemingly unrelated to 
the clinical endeavors of student and 
practitioner. 

As much as the surgeon needs 
molecular biology, so it is, in my 
view, that molecular biology needs 
the surgeon. Let me explain. Cancer 
is a major health problem. Surgeons 
are instrumental (pun intended) in 
all aspects of cancer study and treat- 
ment, have unexcelled opportunities 
to observe the natural history of the 
disease, and have asked many ap- 
propriate and insightful questions 
that need to be answered. As clini- 
cians, they know what needs to be 
done—something hidden from 
most basic scientists. Surgeons 
have access to human tissues. In 
molecular biology, such access is 
critical since tissues for study need 
to be obtained both sterile and 
quickly, demands not easily met by 
groups other than surgeons. It is 
no coincidence that the most imag- 
inative and incisive investigations 
in the molecular biology of cancer 
are being led by a surgeon. 


How to proceed? We need to ac- 
tively enroll basic scientists in molec- 
ular biology to work with us in sur- 
gery. They need our insight into 
what constitutes the important prob- 
lems. Those problems are not to be 
found or discerned in laboratories. 
They are found among patients. We 
have the questions and the tissues 
containing the answers. We need the 
ability to approach the problem in 
the language of DNA. 

Young surgeons in training need 
to be exposed to and educated by 
molecular biologists. The surgical lit- 
erature needs to use their language. 
We have a desperate need for con- 
cise, readable information summa- 
rized from many sources. We need to 
articulate in our literature the ques- 
tions to be asked and the means to 
address them. We need to read about 
the progress of these efforts in our 
journals. The message and the lan- 
guage, although still arcane, are be- 
coming clearer. We need to speak. 
They need to hear us. 

EDWARD PASSARO, JR, MD 
Los Angeles, Calif 
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The Making of a Surgeon Revisited 


i Gay topic that I am going to ad- 
dress is specific with regard to 
specialty, and I do recognize that we 
have a significant number of nonsur- 
gical members. Of the nonsurgical 
members, I beg your indulgence; on 
the other hand, you may wish to use 
some of what I’m about to say as 
ammunition in your future interac- 
tion with surgeons. 

Nolan’s book, The Making of a Sur- 
geon, was published in 1968. In that 
book, he detailed the development of 
a surgeon primarily from the stand- 
point of the rigors of surgical resi- 
dency training. In doing so, Bill No- 
lan gave us and the public at large a 
rather narrow view of a surgeon, 
having passed over the early devel- 
opment and having not gone far 
enough to examine that evolution 
beyond a short period of training. 
His book is not unlike the plethora of 
movies, Gross Anatomy, etc, that cap- 
italize on detailing the rigors of med- 
ical training. 

What I am about to do today, that 
is, to reexamine the making of a sur- 
geon, is dangerous! For on the one 
hand I may come across to you as a 
minister on a pulpit and on the other 
you may see this as a recapitulation 
of worn words of the past. With re- 
gard to the first, I certainly have no 
great insight to provide regarding 
the best or most appropriate way to 
make a surgeon; many in this audi- 
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ence are far better qualified to Go that 
than I. Nevertheless, success can 
sometimes be measured in failure as 
well, and from that standpoirt, be- 
ing an expert in such things, I may be 
able to shed new light. Concerning 
the danger of recapitulation, that to 
some extent can be avoided by ap- 
proaching the subject from a ciffer- 
ent perspective. 

So what am I saying? Was Nelan’s 
answer to the question, “How do 
you make a surgeon?” wrong? In his 
introduction he stated: “Not by the 
preliminaries, the four years o- col- 
lege and four years of medical school 
that have to be gone through toearn 
an M.D. degree, but by the five six, 
or seven years that a man spencs af- 
ter medical school learning the sur- 
gical trade.”! 

My contention is that it takes a lot 
more to be a surgeon, and a bit of the 
disagreement may hinge on howyou 
define a surgeon. We already know 
that Nolan was wrong just by look- 
ing at the terminology he used: a 
surgeon is not a man and surgery is 
more than a trade. 

Well, if we are going to really 


address the making of a surgeon, 
then it is best to start at the begin- 
ning. My hypothesis is that each of 
us evolves through a series of steps 
and each can be represented as a 
pyramid or a triangle, each with a 
narrower base but a sharper point 
(Fig 1). The overall evolution can 
be seen as a refining process that 
starts from a broad base and comes 
to a pinnacle. This construct, of 
course, is not original but is consis- 
tent with that of the renowned ge- 
neticist and anthropologist Theo- 
dosius Dobzhansky, who in 1962 
published a synthesis of his work 
in a book entitled Mankind Evolving: 
The Evolution of the Human Species.’ 
In that book, Dobzhansky postu- 
lated that mankind is evolving to- 
ward a pinnacle. Today the postu- 
late is that we individually evolve 
as surgeons toward a pinnacle. At 
this point, I might add that it is 
unnecessary to discriminate be- 
tween the making of an academic 
surgeon as opposed to a purely 
clinical one because, if for no other 
reason, it is our hope that “sur- 
geon” embodies a central core with 
somewhat differing expressions. In 
other words, a surgeon is both 
clinical and academic, no matter 
how he or she expresses his or her 
profession. 


THE FIRST TRIANGLE: EARLY 
DEVELOPMENT 


The bottom or first triangle that we 
need to assess deals with personality 
and behavior. To evaluate our per- 
sonalities, I went to the literature to 
review the perceptions of others. In 
a study of freshman medical stu- 
dents and their assessments of med- 
ical specialties, Fishman and Zimet? 
reported that surgeons were seen as 
having the highest social status but 
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Fig 1.— The making of a surgeon is depicted 


_asa series of triangles, each of which has a 


broad base but narrews to a pinnacle. 


the lowest social attractiveness rank- 
ing. Now, the high social status is 
understandable, but this low social 
attractiveness comment definitely re- 
quired more research. The students 
of Fishman and Zimet saw surgeons 
as “competent, efficient, and effec- 
tive in their work but cool and non- 
interactive in their relationships with 
others.” In earlier studies, Bruhn and 
Parsons*> found that medical stu- 
dents characterized surgeons as 
more “domineering and arrogant” 
compared with other physicians. 
Since most of these students were 
only in the first year, we should look 
at the mature assessment given by 
fourth-year medical students. Zimet 
and Held‘ went on to study these se- 
nior students. The near consensus 
was that surgeons command high 
status; however, the only dissent 
from that finding was from students 
planning to go into psychiatry. 
Again, surgery consistently ranked 
last in social attractiveress.. Even 
those who planned to go into surgery 
described themselves very differ- 
ently from the way they described 
the typical surgeon.° 

In another study, Zimny and 
Thale’ found that graduating medical 
students stereotyped the surgeon as 
“a decisive and efficient man of ac- 
tion driving forcefully to achieve his 
goals in an impersonal and autocratic 
manner.” They went on to summa- 
rize that their findings were similar 
to those of several other studies,*® 
with a general statement that “a sig- 
nificant percentage of bcth the pre- 
clinical and clinical students charac- 
terized the surgeon as domineering 
and arrogant, aggressive and full of 
energy, and mainly concerned with 
his own prestige.” 

The overall rating on status ranked 
surgery first and psychiatry last (Ta- 
ble 1). On the other hand, family 
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Table 1.—Overall Rating of 
Specialties* 


Status Social Attractiveness 


Surgery 
Internal medicine 






Family practice 
Pediatrics 

Pediatrics Internal medicine 
Family practice Psychiatry 
Psychiatry Surgery 


*From Zimet and Held.’ 





practice was ranked first in social at- 
tractiveness and surgery last. 

Now I am certainly not advocating 
support for the impressions of these 
medical students. However, they 
were not always wrong; their assess- 
ment of psychiatrists seemed correct: 
“interested in intellectual problems, 
emotionally unstable, and a con- 
fused thinker.”* 

London medical students, as re- 
ported by Harris,’ had similar views 
to those already noted. Surgeons 
were compared with other physi- 
cians; shown therein were psychia- 
trists and general practitioners. 
Again, surgeons were characterized 
as domineering and arrogant, deci- 
sive and energetic, and not particu- 
larly interested in intellectual prob- 
lems. 

If we are to get to the bottom of 
this personality thing, we have to 
go deeper. Let’s go back to Freud. 
We are well aware of the stereo- 
type of a surgeon as anal or 
obsessive-compulsive. Fonagy and 
Higgitt? describe this personality 
as based on the premise that “The 
child will frequently feel the néed 
to inhibit the wish to make a terri- 
ble mess. The defense against this 
wish is reflected in the opposite 
desire to be orderly, tidy and me- 
ticulous. The so-called anal (or 
obsessive-compulsive) character is 
therefore typified by orderliness, 
obstinacy, rigidity, and a hatred of 
waste.” As we know, this theory of 
Freud’s has not been totally ac- 
cepted. Yet as recently as 1982, it 
has been accepted that there is a 
personality type epitomized by the 
neat, pedantic, clear, self- 
controlled, and controlling per- 
son.'' However, they stated that 
there was no evidence to indicate 
that persons of this type received 
toilet training that was in any way 
different from that of less 
obsessive-compulsive characters. 


As I was thinking this personality 
aspect out, I turned to self-reflection. 
There are many things in my life that 
suggest that I don’t fit this category. 
My desk is frequently littered with 
stacks of papers that are only mini- 
mally organized. My days rarely pro- 
ceed in the arranged manner in 
which I had planned them. Yet, it is 
possible that I do have a bit of that 
“anal” background, which I will 
briefly share with you. It all must 
have started as a child with either 
lack of parental guidance or a lack of 
appreciation of it. It involves toilet 
paper. You see, I never really figured 
out whether to fold or crumple the 
stuff. There is this natural inclination 
to crumple because of the dirty busi- 
ness at hand. On the other hand, 
economics and ecologic concerns 
would dictate that folding is pre- 
ferred; you can usually get more use 
if you fold. Several dilemmas also 
frequently occur, such as how many 
times to fold, the size of the squares, 
and whether the tear is straight or 
not. There can also be a problem de- 
pending on the consistency of the 
paper; there are many choices. Ho- 
tels compound the problem: Why is 
the first piece folded? What do you 
do with it? Unfold? 

Still, we haven’t even touched on 
the number of folds, another sub- 
stantial problem for the folder, which 
I now must admit I am. Finally, I'll let 
you in on a secret: I’m not: the only 
one with this problem at my house. 
Several weeks ago I scouted around 
the house to see what our toilet paper 
stock was like. I’m not sure I found it 
all but you can see what a nice cross- 
sectional stock we have. We also 
have four bathrooms, which may 
give you a clue to our orientation as 
well. 

In summary, two things are to be 
learned. I was taught to tell my 
patients with hemorrhoids not to sit 
on the toilet all day reading The New 
York Times. I think that a firm com- 
mitment on how to handle the toilet 
paper is likely to reduce hemor- 
rhoidal problems much more. Sec- 
ond, maybe this explains the person- 
ality of the surgeon: you’re bound to 
be arrogant and compulsive if you 
have to face these problems each 
morning! 

Before we go on to the next tri- 
angle, I will confirm this obsessive- 
compulsive nature of surgeons 
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with two examples from our own 
council: Dave Herndon and Bob 
Condon. Dave was my junior resi- 
dent in a new rotation some years 
ago at an old run-down hospital 
that catered to a large indigent 
population. Such things as inten- 
sive care units and Swan-Ganz 
catheters were unknown at this in- 
stitution. Late one night, in the 
early morning hours, I found Dave 
resuscitating a woman in a dingy, 
poorly lit room. The patient had 
abdominal sepsis and for reasons 
_ beyond our comprehension the at- 
tending physician did not want to 
operate. Dave was aggressively 
monitoring this woman when I no- 
ticed that there were two central 
venous pressure manometers on 
the bed. When I questioned why 
there were two subclavian lines 
and two monitors, Dave explained 
to me that even though the first 
showed rapid response to respira- 
tory variation and the Valsalva ma- 
neuver, he didn’t believe it. So he 
put in another, which worked 
equally as well. They both read ap- 
proximately the same, so Dave was 
recording the mean of the two! 
Based on this, I’m convinced that 
not only is Dave compulsive, but 
he has a toilet paper problem as 
well. 

Now for Bob Condon. Have you 
ever written a letter to this guy? He 
responds so fast that he must have a 
stack of letters already written that 
he just addresses and sends out ev- 
ery time the mail comes in. As a 
matter of fact, once this year he 
responded to one of my letters before 
I mailed it. Now that he has a fax 
machine, he'll probably answer let- 
ters before I think of them. Bob’s 
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surely compulsive about letters; I 
don’t know about toilet paper. 


THE SECOND TRIANGLE: 
MEDICAL TRAINING 


The next triangle, medica. train- 
ing, was chosen more on the basis of 
an identity level than for any other 
reason. At this point, personality 
development and the education that 
has preceded has narrowed down to 
a more narrow career decision. Dur- 
ing the process of integrating the di- 
dactic emphasis of the first years 
with clinical exposure in the final 
years, the characteristics of a surgical 
personality become apparent and 
have already been described. For the 
most part, studies of medical stu- 
dents have not been able to detect a 
significant difference between those 
who are becoming surgeons and 
those who are not. However. Linn 
and Zeppa” were able to shed some 
light on performance, personality, 
and stress. They evaluated students 
based on their choice of specialty af- 
ter the surgical clerkship and then 
again when they actually chose a 
surgical residency (Table 2). At the 
clerkship level, there was no differ- 
ence between those choosing sur- 
gery compared with other medical 
disciplines when evaluated by na- 
tional board scores in surgery, writ- 
ten and oral examinations, ward per- 
formance, or final grade. However, 
when recategorized based on choice 
of residency, those choosing surgery 
scored significantly higher om the 
boards and on their final grade. The 
other categories were not different. 

In additional studies, Linn and 
Zeppa” were able to document sig- 
nificant differences in medica. stu- 
dents at both time points (Table 3). 


From the standpoint of personality, 
the surgical group was less externally 
controlled, that is, more internally 
motivated, and had higher self- 
esteem than others. They also noted 
that the surgery students tended to 
perceive stress in a favorable way; 
that is, they actually were able to deal 
constructively with stressful situa- 
tions. Finally, we have some data 
that actually separate surgeons from 
nonsurgeons. 


THE THIRD TRIANGLE: 
RESIDENT TRAINING 


At the resident level, again, it is 
somewhat difficult to document 
changes as they occur. Nolan! has 
outlined the rigors of training and 
the stamina that has developed. Dick 
Simmons“ in his presidential ad- 
dress clearly defined the educational 
process and the objectives of surgical 
training. With regard to judgment 
and independence, it is of interest to 
note the findings of Eisenberg et al. 
In these studies, an attempt was 
made to determine the reason for 
differences in physician behavior. 
Eisenberg et al studied both medical 
and surgical residents at two points 
during their training. They found 
significant differences between the 
groups in several areas, including 
group decision making: medical and 
surgical residents early on found 
group decision making equally ac- 
ceptable. The medical residents did 
not change between years 1 and 3, 
while surgical residents became sig- 
nificantly more oriented toward in- 
dependent decision making. These 
results were confirmed by finding 
that surgical residents also became 
less tolerant of subordinate deci- 
sions; that is, they preferred to make 
decisions themselves. Furthermore, 
Eisenberg and coworkers noted that 
surgical residents became more deci- 
sive during training. There was a 
significant difference in their confi- 
dence in self-direction of their sub- 
ordinates. Such did not occur in 
medical residents. These data docu- 
ment a move toward a more author- 
itarian attitude in the developing 
surgeons than in their medical coun- 
terparts. 

One final note related to the de- 
velopment of the surgeon at the res- 
ident level. Greco et alé have docu- 
mented the pressures that are 
exerted on residents as they embark 
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on developing careers. Debt and the 
perception that there is an oversup- 
ply of general surgeons appear to be 
having a significant impact on resi- 
dents to lead them in growing num- 
bers into the specialties of surgery. 


THE FOURTH TRIANGLE: 
“SURGEON” 


And now we arrive at the surgeon 
of Nolan, one that he characterized 
primarily in terms of residency expe- 
riences. To go beyond Nolan, we 
turn to the observations of an out- 
sider who observed surgeons for 
more than 2 years. Joan Cassell’s ar- 
ticle,” “On Control, Certitude, and 
the 'Paranoia’ of Surgeons,” is an 
amalgam of her cwn assessment and 
that of numerous surgeens whom 
she interviewed. Her summary is 
much too detailed to do justice 
herein, and I recommend it as an in- 
teresting overview. She addressed 
her experience in the categories of 
process, event, and the work of sur- 
gery, the surgical temperament, and 
the paranoia of surgeons. With re- 
gard to temperament she typified us 
as “invulnerable, untiring, unafraid 
of death or disaster.” She went on to 
compare us with Chuck Yeagar 
when she stated that “the successful 
surgeon takes risks, defies death, 
comes close to the edge, and carries 
it off.” To emphasize further the 
“macho” image of surgeons, she 
quoted a senior surgeon who, when 
asked why he walked in the cold in 
only his white coat, stated: “Sur- 
geons are macho, cold doesn’t bother 
us!” 

Cassell went on to describe what 
she called the paranoia of surgeons. 
She based this on observation and 
conversations she overheard. I noted 
that I too have verbalized some of 
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what she heard. I usually blame the 
anesthesiologist if something goes 
wrong. The anesthesiologist is an 
easy target since he or she frequently 
seems to be more interested in the 
stock report than in what I am doing 
in the operating room. 

We do have a lot of enemies: the 
flora of the patient, the environment, 
poor bowel preparations, immuno- 
compromise, and exaggerated in- 
flammatory responses, to name a 
few. No wonder we seem paranoid. 


THE FIFTH TRIANGLE: 
SURGICAL IDENTITY 


Obviously at this point, there is 
much more to the making of a sur- 
geon than just the surgical resi- 
dency. The next triangle is what 
I’ve called surgical identity and in- 
volves defining a niche. Although 
there are many factors that come to 
bear in this formation, one signifi- 
cant one is through organizations 
such as ours. Our interactions, 
both social and academic, mold us 
in our niche. I often thought of the 
comments of Joe Meakins when I 
was your secretary. His concept 
was that as you approach a new, 
seemingly insurmountable task, 
you build on a foundation, as he 
did and as I attempted to do fol- 
lowing him. This is a personal re- 
finement or molding through our 
organization, but more impor- 
tantly, the Surgical Infection Soci- 
ety serves as a basis for us to de- 
velop our surgical identity, and 
with this in mind, I hope to reem- 
phasize the importance of educa- 
tion within the Surgical Infection 
Society. We have done quite well 
in science and research, as is evi- 
denced by our program this year, 
the success of the fellowship pro- 





Bottom Line: Dollars 
A=t P? 
Total $ =(K,+K,+K;.-.)x$ 
Kuos DRG Weights 
Kyp=RVU 

Fig 2.—The area of the budget circle can 
now be adjusted by a variable (conversion 
factor) times a constant (k), just as can be 
done for the area of a circle. The k for hos- 
pital reimbursement is the diagnosis- 
related group (DRG) weight; for physicians, 
the relative value unit (RVU). 


gram, and our published consen- 
sus statements. Even though this is 
in itself a component of education, 
it does not hit on as broad a scale 
as our constitution demands. We 
can certainly do more in the realm 
of clinical education. With this in 
mind, I am following in Bob Con- 
don’s footsteps and appointing an 
ad hoc committee of the Education 
Committee to pursue ongoing pro- 
grams and plan with your assis- 
tance to recharge the Education 
Committee. 


THE FINAL TRIANGLE: 
SOCIETAL PRESSURES 


The final triangle, societal pres- 
sures, is the one of which we are all 
clearly aware, and those of us com- 
ing from Cornell are, to be sure, 
acutely aware. Basil Pruitt’ clearly 
outlined many of these forces in his 
presidential address, and they are 
sure to have a significant effect on 
how we must reshape the practice of 
surgery and the training of it. 

The government is now close to 
being able to control costs by merely 
changing a dollar factor (Fig 2). Just 
as we can calculate the area of the 
budget circle that adjusts by the ra- 
dius, reimbursement for hospitals 
can be adjusted by a dollar figure, 
with the constants being diagnosis- 
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related group weights, and our fees 
will be adjusted in the same way, 
with the constants being a weight 
and an adjustment factor. 

How is this starting to affect us? It 
now appears that it is no longer pos- 
sible to be successful in academics by 
being a triple threat. We now must be 
a quadruple threat. Administration 
has now taken on a major role. How 
about the curriculum vitae of the 
1990s? It is likely to have a financial 
index that includes our case mix 
index, length of stay, and profit and 
loss as well as our relative value units 
for work, overhead, and malpractice. 


COMING ’ROUND 
“FULL TRIANGLE” 


We have reached the first triangle, 
a bit long-winded and certainly 
sketchy. Can we now summarize? 
Are surgeons compulsive, arrogant, 
and of low social attractiveness? Of 


course not: we always have the right 


answer. Are we paranoid? Of course 
not: those attacks on us are real. 
However, there may have been some 
benefit in reviewing how some oth- 
ers perceive us. 

I have given no final answers. 
Others have tried; Carl Degler” 
within the last month published his 
history of the search for human na- 
ture. He documents the flux that 
continues with regard to the attempt 
to determine how we become what 
we are. Before the turn of the cen- 
tury, biologic or genetic theories 
were in favor, only to fall to the be- 
havioralists; more recently there has 
been a return to genetic origins. 
Whether the current emphasis is on 
biologic-genetic or behavioral, it is 
for sure that I have left one triangle 
out. It includes parents, family, and 
for me in particular Joan and the kids 
and people like Tom Shires, Basil 
Pruitt, Frank Austen, Sharon Joy, 
and all of you out there. These are 
people whose shoulders we stand 
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PRESIDENTIAL ADDRESS 


Becomings Surgeon 


Fig 3.— The making of a surgeon, #hough it 
can be depicted as development tarough a 
series of steps, should actually be seen as 
a dynamic process of becoming. 


on. And this is the most impertant of 
the triangles! 

Finally, since I am unable to define 
fully what a surgeon is and, therefore, 
unable to outline concisely the making 
of one, I leave you with the thought 
that Chardin gave us”: we ar all be- 
coming (Fig 3), becoming to the 
omega point, the point of perfection. 
The triangles then become urited as 
one in the becoming of a surgeon. In 
that context, we really cannot fally de- 
fine a surgeon, just as we camnot de- 
fine a person, because we zre not 
static, we are becoming. And with 
that in mind I want to thank you for 
participating in my becoming -and for 
making me your president. 
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Catheter Sepsis in Short-Bowel Syndrome 


Arleż G. Kurkchubasche, MD; Samuel D. Smith, MD; Marc I. Rowe, MD 


v e Catheter sepsis with catheter removal is an important 


problem in patients with short-bowel syndrome. We deter- 
mined the incidence of catheter sepsis and the catheter sal- 
vage rate in 20 pediatric patients with short-bowel syn- 
drome. To evaluate the intestine as a source and 
translocation as the pathophysiologic mechanism for cath- 
eter sepsis, we identified the sepsis organisms, compared 
them with the fecal flora, and used mesenteric lymph node 
cultures to document translocation. The incidence of cath- 
eter sepsis was significantly higher in patients with short- 
bowel syndrome than in patients without short-bowel syn- 
drome (7.8 vs 1.3 per 1000 catheter days). Overall catheter 
salvage was 42% and was highest in gram-negative sepsis 
(71%). Enteric organisms were responsible for 62% of cases 
of catheter sepsis in patients with short-bowel syndrome vs 
12% in patients without short-bowel syndrome. Anaerobes 
were strikingly absent in 25 of 28 stool cultures. The sepsis 
organism was identified in the fecal flora in 19 of 28 cases. 
The dominant fecal organism or yeast was the septic organ- 
ism in 12 of these 19 cases and was isolated in three of four 
mesenteric lymph node cultures. Our findings support 
translocation as a mechanism in catheter sepsis in patients 
with short-bowel syndrome. 
(Arch Surg. 1992;127:21-25) 


p atients with short-bowe! syndrome (SBS) are critically 

dependent on central venous access for total paren- 
teral nutrition (TPN). The reported incidence of catheter 
sepsis is increased in patients with SBS,’ and infection 
often requires catheter removal and results in the loss of 
already-limited venous access sites. 

We treated 20 pediatric patients with SBS and deter- 
mined the incidence of catheter sepsis and the success rate 
of antibiotic therapy without catheter removal. To gain 
insight into the pathogenesis of catheter sepsis, the rela- 
tionship between organisms in blood and stool cultures 
was examined. Mesenteric lymph nodes were cultured to 
detect translocation. 


Accepted for publicat on September 8, 1991. 

From the Departments of Surgery and Pediatric Surgery, Chil- 
dren’s Hospital of Pittsburgh (Pa), University of Pittsburgh School 
of Medicine. 

Presented at the 11th Annual Meeting of the Surgical Infection 
Society, Fort Lauderdale, Fla, April 8, 1991. 

Reprint requests to the Department of Surgery, University of 
Pittsburgh School of Medicine, 125 DeSoto St, Pittsburgh, PA 15213 
(Dr Rowe). 


Arch Surg—Vol 127, January 1992 


PATIENTS AND METHODS 
Patient Groups 


Three groups of patients treated at Children’s Hospital of 
Pittsburgh (Pa) were studied: (1) The SBS group included 20 in- 
fants with SBS who were treated between 1984 and 1991. (2) The 
non-SBS group included 33 surgical infants with the same 
primary diagnoses as the SBS group and who were receiving 
central TPN for a minimum of 21 days. The incidence of catheter 
sepsis in this group of patients was compared with that in the 
SBS group. (3) The pediatric catheter sepsis group included 46 
pediatric patients who experienced episodes of catheter sepsis 
during 1989. The organisms responsible for catheter sepsis in 
this group and those responsible for catheter sepsis in the SBS 
group were compared. 


Definitions 


SBS.—An infant with insufficient intestine to provide ade- 
quate nutrition by enteral means and a total small-bowel length, 
measured intraoperatively, of less than 35 cm with the ileocecal 
valve or less than 50 cm without the ileocecal valve was consid- 
ered to have SBS. 

Catheter Sepsis. Catheter sepsis was defined as absence of 
focal infection and one of the following: (1) quantitative blood 
cultures of the same organism in central and peripheral blood in 
a ratio greater than 5:1; (2) isolation of the same organism from 
two of the following three sites: central line blood, peripheral 
vein blood, or the catheter tip; and (3) positive blood cultures 
before catheter removal and persistently negative cultures after 
catheter removal. 

Incidence of Catheter Sepsis. —The incidence of catheter sep- 
sis episodes per 1000 catheter days was calculated as follows: 
catheter sepsis episodes/total catheter days x 1000. 

Catheter Salvage.—Catheter salvage was defined as antibiotic 
treatment of catheter sepsis with the catheter in place followed 
by persistently negative blood cultures and continued catheter 
use for at least 14 days after the onset of treatment. 

Bacterial Translocation.—The same organism, identified by 
biochemical characterization (eg, Escherichia coli and Klebsiella 
pneumoniae), cultured from mesenteric lymph node and fecal 
specimens documented bacterial translocation. 


Microbiology 


Cultures of blood, urine, sputum, wound, and other body 
fluids were performed as indicated. In cases of suspected cath- 
eter sepsis, quantitative peripheral and central blood culture 
specimens were collected in tubes (DuPont Isolator 1.5 Microbial 
tubes, Wampole Laboratories, Cranbury, NJ) and processed in 
the hospital laboratory. Catheter tips were cultured according to 
the method described by Maki et al.? Quantitative stool cultures 
were processed in the surgical research laboratory under anaer- 
obic conditions (anaerobic glove box, Forma Scientific, Marietta, 
Ohio) and then plated on aerobic and anaerobic media. Gram- 
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Table 1.—Demographics of the Three Study Groups 


Short-Bowel 
Syndrome Group 


12 (2-24) 


NEC (10); 
midgut volvulus (5); 
intestinal atresia (3); 
gastroschisis (1); 










Non-Shor-Bowel 
Syndrome Group 


2.3 (1-13) 


NEC (16); 
midgut votrulus (4); 
intestinal 2resia (11); 
gastroschis's (14) 


Catheter Sepsis 
Group 


6.0 (0.25-34) 


Pulmonary disease (12); 
NEC/gastroschisis/meconium 
peritonitis (7); cardiac disease (6) : 
tumor (6); diaphragmatic hernia (5); 














Age, mo, mean (range) 







Diagnoses* 









mesenteric thrombosis (1); 
neuroblastoma (1) 





13 
F 8 






Table 2.—Incidence of Catheter Sepsis 


Short-Bowel Non-Short-Bowel 
Syndrome Group Syndrome Group 
(n=20) (n= 33) 






No. of catheters 

No. of catheter days 

No. of sepsis episodes 

Incidence of catheter 

sepsis 

*P<.05. 
positive bacteria were identified by standard procedures.‘ Fac- 
ultative gram-negative bacteria were identified by the API 20E 
system (Analytab Products, Plainview, NY). Stool cultures 
obtained within 14 days before or 7 days after the onset of cath- 
eter sepsis were analyzed. Mesenteric lymph nodes were har- 
vested during surgery immediately after the peritoneal cavity 


was entered and before the bowel was opened. The specimens 
were weighed, homogenized, and cultured for aerobes. 


RESULTS 


Table 1 summarizes the demographic data of the three 
study groups. In all patients, tunneled Silastic central 
venous catheters were placed in the operating room. Pa- 
tients with SBS had a significantly higher incidence of 
catheter sepsis than did the non-SBS group (7.8 vs 1.3 
catheter sepsis episodes per 1000 catheter days, P<.05) 
(Table 2). 

To characterize the organisms responsible for catheter 
sepsis, 52 catheter sepsis episodes in the SBS group were 
compared with 51 episodes in the pediatric catheter sep- 
sis group. Gram-negative bacteria were responsible for 14 
(27%) of 52 catheter sepsis episodes in the SBS group 
compared with only three (6%) of 51 catheter sepsis ep- 
isodes in the non-SBS group (Table 3). The incidence of 
staphylococcal catheter sepsis was strikingly lower in the 
SBS group (38%) compared with the pediatric catheter 
sepsis group (88%). Candida organisms were responsible 
for 12 (23%) of 52 catheter sepsis episodes in the SBS 
group compared with 4% in the non-SBS group. 








Gram-Negative Rods 


SBS group (n=52) 14 (27)t 
Non-SBS group (n=51) 3 (6) 






tP<.05 (SBS group vs non-SBS group). 
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Table 3.—Organisms Responsible for Catheter Sepsis* 









biliary atresia (3); other (7) 









23 
13 23 





*NEC indicates necrotizing enterocolitis. Numbers in parentheses are numbers of patients. 


Catheter salvage with antibiotic therapy was attempted k 
in all patients. There was no significant difference in the 
overall salvage rate in the SBS group (22/52 [42%]) com- 
pared with the pediatric catheter sepsis group (18/51 
[35% ]). Catheter salvage in patients with SBS varied with 
the organism responsible for sepsis. The highest catheter 
salvage rate occurred with 10 (71%) of 14 gram-negative 
and six 60%) of 10 enterococcal catheter sepsis episodes. 
Antibiotic therapy without catheter removal was least ef- 
fective m the treatment of coagulase-negative staphylo- 
coccal sepsis (4/16 [25%]) and Candida catheter sepsis (2/12 
[17%]). Catheter salvage for 21 infected catheters during 
the last 15 months of the study was 62%. The success rate 
remained the highest in catheter sepsis due to gram- 
negative organisms (75%). 

In 28 2pisodes of catheter sepsis in patients with SBS, 
we were able to obtain quantitative stool culture speci- 
mens to identify the fecal organisms and to determine 
their relationship to the blood isolates (Table 4). The pre- 
dominaat organisms isolated on stool culture were E coli, 
Klebsiellz, and Enterococcus. The fecal flora of patients with 
SBS was remarkable in that no anaerobic bacteria were 
isolated in 25 of the 28 stool cultures, despite the fact that 
the specimens were maintained under anaerobic condi- 
tions. Im 19 of 28 episodes, the same organism was 
isolated from blood and stool. The degree of correlation 
between blood and stool cultures varied with the organ- 
ism responsible for the sepsis. There were three episodes 
of enterscoccal sepsis. In each case, Enterococcus was the 
dominant organism in the stool. In seven of eight epi- 
sodes œ gram-negative sepsis, the blood organism was 
presentan the stool; in five of these seven episodes, it was 
the dominant fecal organism. Yeast was identified in 
blood ard stool in six of nine cultures. In contrast, when 
sepsis was due to gram-positive organisms other than 
Enterococcus, the blood organism was identified in the 
stool in only three of eight episodes. 

Orgamisms were grown from three of four mesenteric 
lymph nodes (Table 5). In each instance, the organism 
cultured from the mesenteric lymph node corresponded 









Staphylococcus 


20 (38)t 
45 (88) 


Yeast Enterococcus 


12 (23)t 
2 (4) 1 (2) 



















*Values are number (percent). SBS indicates short-bowel syndrome. 
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to the dominant fecal organism identified. In one patient, 
the same organism “hat was isolated in the lymph node 
was cultured from the blooc during an episode of cathe- 
ter sepsis. 


COMMENT 


The incidence of catheter sepsis in patients with SBS 
was compared with that in surgical infants with the same 
primary diagnoses. The incdence in these infants in the 
non-SBS group whe were receiving TPN for a minimum 
of 21 days was comparable with that reported by other 
pediatric institutions.>” Theincidence of catheter sepsis in 
the SBS group was significantly higher than in the non- 
SBS group (7.8 vs 13 episodes per 1000 catheter days). In 
two other published studies, a similar observation has 
been reported. In the group of 14 patients with SBS stud- 
ied by Caniano et al,' the incidence was six episodes per 
1000 catheter days. Piedra et al? reported a 2.4-fold higher 
number of catheter sepsis episodes per patient in eight 
patients with SBS cempared with 14 patients without SBS. 

The increased incidence :n SBS, despite the same cath- 
eter care, implies that catheter sepsis in patients with SBS 
differs from that in other patients. Our routine measures 
focusing on prevertion of exogenous sources of infection 
do not effectively control this problem, suggesting that a 
different source of infection and mechanism may be 
responsible. 

We postulated that the organisms responsible for 
catheter sepsis mey indicate the source of sepsis. The 
predominant pathogens in catheter sepsis are Staphylo- 
coccus and non-group D Streptococcus. As expected, we 
found that 88% cf all catheter sepsis episodes in the 
non-SBS group were due to these organisms. In 
marked contrast, -he predominant organisms responsi- 
ble for catheter sepsis in patients with SBS were enteric 
organisms. Gram-negative bacteria were responsible for 
27%, Candida orgerisms were responsible for 23%, and 


Table 4 — Quantitative Stool Cultures 


No. of Septic Organism 
Quantitative in Stool Culture, 
Stool Cultures No. (%) 








Gram-negative sepsis 
Yeast sepsis 
Enterococcus seps s 


' Gram-positive sepsis 
(not Enterococcws) 


Total 


Enterococcus organisms were responsible for 12% of the 
total number of catheter sepsis episodes, which dif- 
fered significantly from the relative frequency of these 
organisms in catheter sepsis in the non-SBS group. 
Caniano et al! briefly mentioned that one third of cath- 
eter sepsis episodes in their study group were due to 
gram-negative bacteria and yeast. Piedra et al* reported 
that 11 of 25 catheter sepsis episodes in their series 
were due to gram-negative bacteria. Neither study sug- 
gested that the intestine may be the source of these 
organisms. 

To further investigate this source of sepsis, we com- 
pared the organisms cultured from stool and blood 
during 28 episodes of catheter sepsis. We found that in 
19 of these 28 paired cultures, the same organism was 
present in the blood and stool. When catheter sepsis 
was due to a gram-negative organism, this organism 
was also present in the stool in seven of eight cultures 
and was always one of the two dominant gram- 
negative fecal organisms. A similar comparison of 
blood and stool cultures was reported by Tancrede and 
Andremont,® who studied 55 leukemic patients during 
episodes of bacteremia and found that the organism in 
the blood was the dominant fecal strain in 45 (82%) of 
55 patients. Their study has been used to suggest that 
translocation of enteric organisms is a mechanism re- 
sponsible for gram-negative bacteremia in immunocom- 
promised patients. 

Translocation, as described by Wells and Simmons’ 
and Alexander et al, involves the passage of organ- 
isms through the mucosal barrier to the mesenteric 
lymph nodes. Mesenteric lymph node cultures have 
been used to determine translocation in only a few 
clinical studies.!! In four instances, lymph nodes were 
obtained at operation from the mesentery of patients 
with SBS. The organism isolated in three lymph node 
cultures was the dominant fecal organism and in one 
case was also the organism responsible for a recent 
episode of catheter sepsis. These findings provide fur- 
ther support that enteric organisms translocate and be- 
come hematogenous sources of catheter sepsis. 

Animal studies have shown that translocation increases 
with enteric stasis, bacterial overgrowth, and TPN.”” All 
of these factors are present in the patient with SBS 
undergoing intestinal adaptation. Decreasing the anaero- 
bic fecal flora is another factor known to promote trans- 
location by allowing overgrowth of gram-negative bacte- 
ria.” The patients with SBS had a striking absence of 
anaerobes in their stool cultures, which may further pre- 
dispose them to translocation. Selective decontamination 


Table 5.—Mesenteric Lymph Node Cultures 


Mesenteric Lymph Node Culture 


E coli 
(8.34); 


Escherichia coli (8.98); 


Quantitative Stool Culture (log CFU/g)* 


Enterobacter 


Rectal Swab Culture 


aerogenes 


Enterococcus (7.92); yeast (3.11) 


E coli E coli (7.72) 


E coli; Staphylococcus coagulase negative; 
Staphylococcus zoagulase positive 


No growth 
*CFU indicates celony-forming units. 


E coli 4++; Enterococcus 4+ ; Enterobacter 
aerogenes 1+; Staphylococcus coagulase 
negative 1+; anaerobes 1+ 


Enterococcus 1+; yeast 2+ 





+Quantitation based on microbial growth after streaking by the quadrant technique. 
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of the digestive tract by enteral antibiotics attempts’ to 
preserve anaerobes while Scien g potentially patho- 
genic gram-negative organisms. In the few clinical cases 
in which we used selective decontamination of the diges- 
tive tract, it was ineffective in the long term, presumably 
because of the lack of anaerobes. Given the abnormal stool 
flora and the multiple factors that potentially promote 
translocation in these patients, further investigation is 
needed into the effects of manipulation of the stool flora 
on catheter sepsis. : 

Patients with SBS are committed to receive TPN ona 
long-term basis. Central venous access should be consid- 
ered limited, and treatment of catheter sepsis with anti- 
biotics and without catheter removal should be a goal in 
these patients. We have attempted catheter salvage in all 
patients and found it to be successful in 22 of 52 episodes 
in the 5-year period during which these patients with SBS 
were studied. Recently, our success rate has improved 
with a more aggressive approach to catheter salvage, with 
a current salvage rate of 62%. We examined the data to 
determine whether the organism responsible for sepsis 
influenced the success of catheter salvage. Antibiotic 
therapy without catheter removal was most successful 
with gram-negative organisms and was always least suc- 
cessful with Candida organisms. Our study does not 
explain these differences in Salvage rates, but we presume 
that it must be related to the specific properties of the or- 
ganisms involved. 

As a result of this study, we propose a management 
plan for catheter sepsis in patients with SBS. When 
catheter sepsis is suspected, appropriate antibiotic ther- 
apy should be instituted without catheter removal. Ini- 
tial antibiotic therapy should cover gram-positive and 
gram-negative organisms (ie, vancomycin hydrochlo- 
ride and cefotaxime sodium [Claforan]). Quantitative 
stool cultures help. to choose initial antibiotic therapy 
and may lead to an earlier suspicion of fungal sepsis. 
Serum antibiotic levels should be adjusted, and more 
aggressive antibiotic coverage should be considered if 
imprtovemient is not prompt. If sepsis continues, fungal 
sepsis must be suspected, and empiric therapy with 
amphotericin B should be instituted. If aggressive at- 
tempts at catheter salvage fail, catheter removal is ap- 
propriate. 
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Discussion 


TIMOTHY L. PRUETT, MD, Charlottesville, Va: You have clearly 
stated the problem and noted a very important difference 
between z group of patients with short-bowel syndrome with 
those whe were in both a comparable group as well as general 
pediatric patients. The conclusion that this is the result of trans- 
location is difficult to make out of a retrospective study. The 
problems associated with clinical handling of materials proves 
that this is a little bit difficult. 

One ofthe issues which you have is that of diarrhea in these 
kids. Was -here a difference in number of diarrheal episodes be- 
tween your three groups of patients, and why was this increased 
incidence bf enteric organisms found on catheters not just a 
consequence of increased contamination from extra stool being 
around or the patients? What was the time interval which 
occurred between the catheter insertion to the time that there 
was infection? Was this just an early consequence of, again, in- 
creased contamination, increased manipulation by the nursing 
staff, or was it an actual issue? Finally, were all these catheters 
placed in the same location? Some of these kids have subclavian, 
some havecentral lines. Were there any which were put in truly 
exotic plaees such a5 some of the kids get with either transtho- 
racic placement of catheters, groin placement and the like, which 
would potentially change the infecting organisms? 

One of the things which we have trouble with is that not all 


One other question, do you find any therapeutic benefit with 
adding one or two agents in trying to salvage these lines and 
catheters? You showed the increased Salvage ratés with gram- 
negative reds. Is there a benefit and ari increased salvage rate 
between a £-lactam antibiotic, which is presumably safe with or 
without arsaminoglycoside? And, specifically, when you end up 
with some-ef the gram-positive, have you moved to adding an 
additional agent other than vancomycin or nafcillin, and do you 
add an aminoglycoside or rifampin. pa 

WILLIAM S. BLAKEMORE, MD, Birmingham, Ala: Did you 
find any metabolic nutritional differences in these patients 
that you could identify which might be a factor? Of interest 
to many of us clinically is you have a surprising, and I think 
maybe consistent with modern management, salvage rate. 
How did ycu do it? Tell us a little more about the methods. 
Did you use fibrinolysins, perhaps even heparin? Did you 
use it just in the catheter and let it sit, or did you use 
parenteral Continuous antibiotics? To what do you attribute 
the high rat of salvage of these catheters? | 

CARL W. WALTER, MD, Boston, Mass: I'd like to comment on 
some research published 14 years ago on catheter sepsis. We 
identified five factors. The first is skin. Watch anyone who 
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contact around the hub of the needle that contaminates the lu- 
men. When the needle is inserted, backflow of blood proves 
phlebotomy. It clots in the hub, and it picks up the contamina- 
tion left from the fingers of the phlebotomist. The third is hair; 
phlebotomist’s hair droops over the procedure. Some techni- 
cians can’t even see what is going on with their hair drooping 
over the field. We have cultured the hair and cultured the cath- 
eter sepsis. A fourth is mouthing the cap over the end of the 
needle to remove it. Once grasped between the teeth, the cap is 
screwed off, forgetting that both nostrils and lips are contami- 
nating the needle. These are ordinary errors that persist because 
phlebotomy is not taught properly. 

I omitted one factor that is important. We should insist on us- 
ing cutting-edge needles. Ordinary puncturing needles stretch 
the skin. Stretched skin is ischemic, leukocytes infiltrate, and a 
little abscess forms around the needle. My last observation is 
watch the anesthesiologist’s technology. It is awful. 

JOHN MARSHALL, MD, FRCSC, Halifax, Nova Scotia: Do you 
have any data on the correlation between stool cultures and cul- 
tures of the upper gastrointestinal tract? The second question, 
which addresses some of the concerns expressed by Dr Pruett, 
do you have any future plans to look at exploring this hypoth- 
esis further by, for example, looking at the use of oral antibiotics 
to attempt catheter salvage? 

CAROL L. WELLS, PhD, Minneapolis, Minn: As an intestinal 
microbiologist, I am intrigued by your finding of no anaerobic 
bacteria. Aside from the very young neonate, this is certainly 
completely atypical of human life. Since you had overgrowth of 
facultative bacteria, these species would also grow anaerobically. 
I would like to ask a technical question. Did you use selective 
media to kill the facultatives in your anaerobic culture? 

BARRY BROWNE, MD, Wauwatosa, Wis: Reporting infections as 
a function of catheter days allows your data to be skewed by a 
few patients with repeated infections. Did you also look at the 
number of septic episcdes per catheter and per patient? 

DR KURKCHUBASCHE: The first question addressed the concern 
of the effect of diarrhea on the incidence of catheter sepsis in 
short-bowel syndrome patients. We attempted to control for this 
factor by comparing the incidence of catheter sepsis in short- 
bowel syndrome patients to that in infants, who were likewise 
diaper dependent and in whom you would expect an approxi- 
mately equal frequency of exogenous contamination. Routine 
catheter care was provided by the same nursing staff. 

The time interval between line placement and line sepsis was 
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not specifically analyzed in this study. We noticed that catheter 
sepsis, especially with gram-negative organisms, generally oc- 
curred beyond 3 months of age and think that this may relate to 
intestinal adaptation. All our central venous catheters are 
tunneled catheters and are placed in the operating room. The 
most frequent access sites are the internal jugular, facial, and 
subclavian veins. Only occasionally are femoral Broviacs placed. 

Establishing that an organism isolated from the blood and 
stool is indeed the same organism is difficult. Tests such as 
phage typing that allow this degree of speciation are not 
routinely used in the hospital setting. Antibiograms are an alter- 
native. One patient, who had 17 episodes of gram-negative line 
sepsis requiring catheter removal and replacement, was exten- 
sively studied and in his case the Klebsiella was phage typed and 
shown to be the same as that was present in excess of 10° colo- 
nies per gram of feces in the stool. 

Our current approach to therapy is that the patient with sus- 
pected catheter sepsis is placed on two antibiotics to cover for 
both gram-positive and gram-negative organisms, usually van- 
comycin and Claforan. We optimize the serum levels of the an- 
tibiotics. If there is any suspicion of fungal sepsis based on stool 
cultures, we have a low threshold for starting amphotericin 
therapy. We have not routinely used fibrinolytic agents. 

In answer to Dr Blakemore’s question, although patients with 

SBS and surgical neonates probably differ in their metabolic 
characteristics, this was not analyzed with respect to catheter 
sepsis. 
Dr Walter’s questions pertained to exogenous sources of 
infection. We attempted to limit this factor by the placement of 
all catheters in the operating room and providing care by qual- 
ified personnel. | 

Whether stool cultures are a valid indicator of what is present 
in the small bowel was the question raised by Dr Marshall. We 
obtained cultures of small-bowel aspirates obtained at laparot- 
omy and demonstrated bacterial overgrowth even in the small 
bowel. 

Dr Wells remarked on our observation that anaerobes were 
lacking in 25 of 28 stool cultures. We also thought that this was 
an important finding. We made every effort to maintain the 
anaerobic environment by using anaerobic transport media and 
using the anaerobic glove box for handling of the specimens. I 
am unable to comment on what media specifically were used, 
but these stool samples were cultured specifically for anaerobes 
and for aerobes. 
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Alterations in Intestinal Permeability After Thermal Injury 
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è Alterations in intestinal permeability have been postu- 
lated to occur after thermal injury. We evaluated the status 
of intestinal permeability during the first 2 postburn weeks 
in 15 subjects by measuring the differential excretion of 
enterally administered lactulose and mannitol. The mean 
age and burn size of the patients were 32.7+3.6 years and 
93.3% +5.1% of the total body surface area, respectively. 


| _ Ten healthy volunteers were also studied. The lactulose- 


mannitol excretion ratio was 0.159+0.017 for the patients 
and 0.017+0.003 for controls. The increased ratio did not 
correlate with burn size or postburn day. Patients who de- 
veloped significant clinical infections during their first 
2 postburn weeks had lactulose-mannitol ratios on postburn 
day 2 that were significantly higher than those of controls 
and patients who did not develop infections. This suggests 
a relationship between susceptibility to infection and early 
alterations in intestinal permeability. 
(Arch Surg. 1992;127:26-30) 


S epsis and multiple-organ failure contribute signifi- 
cantly to morbidity and mortality after thermal in- 
jury. In recent years, the gastrointestinal tract has been 
implicated in the development of multiple-organ failures. 
It has been proposed that enteric organisms or their tox- 
ins translocate across the intestinal mucosa, enter the 
systemic circulation, and contribute either directly or in- 
directly to the development of the hypermetabolic and 
catabolic responses associated with injury and sepsis. 
Berg’ defined bacterial translocation as the passage of 
viable bacteria from the gastrointestinal tract to the 
mesenteric lymph nodes and other organs. Conditions 
that promote translocation include alteration of the in- 
digenous gastrointestinal tract microflora leading to bac- 
terial overgrowth, impaired host immune defenses, and 
physical disruption of the gut mucosal barrier.? Thermally 
injured patients may manifest all of these conditions dur- 
ing the course of their illness. Maejima et al? documented 
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bacterial translocation within 2 days after injury in a rat 
model of thermal injury. Ziegler et al,4 using the lactulose- 
mannitol clearance assay, reported a threefold increase in 
intestina permeability to lactulose in infected thermally 
injured patients but no alteration in permeability in unin- 
fected burned patients. Patients in that study were exam- 
ined an average of 15 to 18 days after injury. However, 
those authors could not determine whether the increased 
intestinal permeability was secondary to an infection su- 
perimposed on the thermal injury, or whether the infec- 
tion was.a result of altered intestinal permeability in the 
early postburn period. 

In an attempt to define with more precision the tempo- 
ral pattern of intestinal permeability changes in thermally 
injured patients, we measured the lactulose-mannitol 
clearance in 15 burned patients every 48 hours for the first 
2 weeks after injury. 


PATIENTS AND METHOD 
Patient Population 


Fifteen patients with burns covering more than 20% of their 
body surface who were admitted to the US Army Institute of 
Surgical Research, Fort Sam Houston, Tex, within 24 hours of 
injury durng the period from April 8 to August 23, 1990, were 
enrolled in this study. The study patients had no evidence of 
preexisting renal dysfunction, gastrointestinal tract disease, 
chronic aleohol abuse, or diabetes mellitus. Ten healthy volun- 
teers served as normal controls. The study protocol was ap- 
proved bythe US Army Surgeon General’s Human Use Review 
Board, ane informed consent was obtained from all subjects be- 
fore the stmdy. 


Study Design 


Intestinal permeability was assessed on postburn days 2, 4, 6, 
8, 10, and T2 by simultaneous enteral administration of two sug- 
ars of different molecular weights, mannitol and lactulose. 

On the cay of study, a test solution consisting of 10 g of lac- 
tulose and5 g of mannitol mixed in 60 mL of distilled water was 
instilled via the patient's nasogastric tube or, in the case of con- 
trol subjec-s or patients without nasogastric tubes, was orally 
administered. All urine was then collected for a 6-hour period 
and refrigerated. At the completion of collection, the urine was 
divided into aliquots and frozen at — 20°C before analysis. 


Lactulose and Mannitol Assay 


Urinary lactulose and mannitol concentrations were simulta- 
neously determined by gas-liquid chromatography. This ana- 
lytic methed was employed because the urine from thermally 


Intestinal Permeability After Burns—LeVoyer et al 


è 


Table 1.— Demographic Data 


Patients Controls 
(n=15) (n=10) 


Age, Yy 32.7 +3.6 25.6+1.9 
Sex, No. M/F 13/2 8/2 
Inhalation injury, No. 10 

% of total body surface area 53.5+5.1 

Mortality, No. 2 









Table 2.—Lactulose and Mannitol Excretion 
for Entire Study Period 


Patients 





Controls 


0.14t 










% lactulose excreted 






% mannitol excreted 9.2 10.3 
Lactulose-mannitol 
excretion ratio 0.159 + 0.017 0.017 + 0.003T 











*Mean values for entire group. 
+P<.001. 
+Mean + SEM for each patient on each day. 















Table 3.— Meam + SEM Lactulose-Mannitol Ratio in 
Controls, Uninfected Patients, and Infected Patients 


Patients 













Uninfected Infected 
Postburn day 2 0.017 + 0.003 0.044 + 0.01 0.153 +0.04* 
Postburn days 2-14 0.017+0.003 0.082+0.02 0.208 + 0.02* 


*p<.01 vs controls and uninfected patients by analysis of 
variance. 





Controls 














injured patients contains multiple fluorescent substances that 
interfere with the enzymatic assays usually employed for man- 
nitol and lactulose measurement. We previously reported the 
application of gas-liquid chromatography for the measurement 
of these simple sugars.’ 

In brief, small diluted aliquots of urine were dried under ni- 
trogen in a heating block at 75°C. After cooling, 100 pL of an 0X- 
ime solution was added to convert the sugars to oximes before 
analysis. After 30 minutes of incubation at 75°C, the samples 
were allowed to cool, and 100 pL of trimethylsilyl imidazole de- 
rivatizing reagent was added, followed by a 15-minute incuba- 
tion period at 75°C. Two microliters of the prepared sample was 
then injected into a DB-5, 15m x 0.53mm inside diameter cap- 
illary column installed in a gas-liquid chromatograph (Hewlett- 
Packard 5890 series I (Hewlett-Packard, Atlanta, Ga). Injection 
temperature was se at 220°C, with a detection temperature of 
300°C and a flow rate of 9.7 to 9.9 mL/min. 

Chromatographs of standard solutions containing mannitol 
and lactulose were ran daily. Linearity of the standard curves for 
mannitol and lactulose was demonstrated. The minimum de- 
tectable concentratiers for mannitol and lactulose in the urine 
were 5 and 1 nmol/L, respectively. Urine samples were routinely 
spiked with mannitol and lactulose, and recovery data indicated 
the accuracy of the assay. The test results were then expressed 
as milligrams of mannitol and lactulose excreted per 6-hour pe- 
riod. 

The amount of each sugar excreted in the urine during 6 hours 
was then converted to a percentage of the amount of the sugar 
that had been entezally administered. The fraction of lactulose 
excreted was thenindexed to mannitol excretion by dividing the 
lactulose excretion fraction by the mannitol excretion fraction, 
yielding a permeability index, the lactulose-mannitol ratio (L/M 
ratio). 
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No. of Infections 





Postburn Day 
The postburn day on which each infection was Clinically diagnosed. 
No infection was Clinically obvious before postburn day 4, with 69% 
of infections diagnosed in the second postburn week. 


Study Design 

Patients and control subjects were studied beginning at 8 AM. 
Patients were studied on postburn days 2, 4, 6, 8, 10, and 12. The 
control subjects were studied on 2 consecutive days. Control 
subjects and patients who were on an enteral oral diet fasted for 
6 hours before the study. Continuous small-bowel enteral feed- 
ings were continued in those patients in whom this therapy was 
employed. Before administration of the test solution, the urinary 
bladder was emptied in all subjects. 


Statistical Analysis 
Statistical analysis was carried out with the BMDP Statistical 
Program package. Unpaired t tests, analysis of variance, and 
linear regression analyses were used as indicated. Differences 
were considered significant at P<.05. All values are expressed as 
the mean+SEM unless otherwise specified. 


RESULTS 


Fifteen thermally injured patients and 10 control sub- 
jects were studied. Demographics of each thermally 
injured patient are given in Table 1. The mean age of the 
thermally injured patients was 32.7+3.6 years, with a 
mean burn size of 53.5% +5.1% of total body surface area. 
Two patients died, for a mortality of 13.3%. The mean age 
of the 10 control subjects was 25.6+1 .9 years. The control 
subjects were healthy, without any history of recent or 
remote gastrointestinal tract, cardiovascular, or renal dis- 
ease, and none was taking medication at the time of 
study. 

The patients and control subjects excreted 9.2% and 
10.3% of the mannitol administered, respectively. Over- 
all, the patients excreted a mean of 0.96%, or 96.3 mg, of 
the lactulose administered. Control subjects excreted a 
mean of 0.14%, or 13.8 mg of lactulose. The mean L/M ra- 
tios for the patients and control subjects were 0. 159+0.017 
and 0.017+0.003, respectively (P<.001). There was no 
statistically significant difference in mannitol excretion 
between the two groups. 

There was no correlation between the magnitude of in- 
creased intestinal permeability and burn size for the en- 
tire patient group (r<.1). Additionally, there was no cor- 
relation between postburn day and increased intestinal 
permeability for the patient group as a whole, or for pa- 
tients individually (r<.1). On each postburn day of study, 
the L/M ratio was significantly higher in the patients than 
in the control subjects. There was no difference in the L/M 
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ratio for patients with inhalation injury compared with 
those without such injury 

During the 2-week study period, there were 13 diag- 
nosed infections in nine patients, consisting of six pneu- 
monias, two bacteremias, two cases of wound cellulitis, 
two cases of tracheobronchitis, and one urinary tract in- 
fection. The mean burn size for uninfected and infected 
patients was 52.7% and 53.7% of the body surface area, 
respectively. The postburn days on which infections were 
diagnosed are depicted in the Figure. No infection was 
clinically evident before postburn day 4. 

The L/M ratio for the entire study period for controls, 
noninfected patients, and infected patients was 
0.017+0.003, 0.082+0.02, and 0.208+0.02, respectively. 
The L/M ratio of the infected burned patients was signif- 
icantly greater than that in the noninfected patients and 
normal controls (P<.01). There was no Statistically signif- 
icant difference between the ratios in the noninfected pa- 
tients and the control subjects. 

In an attempt to define whether or not the increased per- 
meability occurred before or after the infection, the L/M ra- 
tio was examined on postburn day 2, which was before the 
infection episode in any patient in whom an infection was 
diagnosed. The mean L/M ratios for controls, noninfected 
patients, and infected patients were 0.017+0.003, 
0.044+0.01, and 0.153+0.04, respectively. Once again, the 
patients who ultimately developed infections had a mean 
L/M ratio that was significantly greater than those of the 
noninfected patients and the control subjects (P<.01). The 
L/M ratio for patients who ultimately did not become 
infected during the first 2 postburn weeks and that of the 
control subjects did not differ significantly. 


COMMENT 


Altered intestinal permeability has been documented in 
many Clinical states, including celiac disease, Crohn’s 
disease, and other intestinal mucosal disorders.®” It was 
recently proposed that alterations in intestinal permeabil- 
ity may contribute to the hypermetabolic response after 
injury and to subsequent development of infection. To 
assess whether intestinal permeability is altered after 
thermal injury, we used two unmetabolized low- 
molecular-weight sugars: lactulose, a disaccharide with a 
molecular weight of 342, and mannitol, a monosaccharide 
with a molecular weight of 182. Normally, lactulose is 
poorly absorbed enterally. When absorbed, these sugars 
passively cross the gut, enter the circulation, remain un- 
metabolized, and are excreted by the kidney. Mannitol is 
reported to be absorbed via a transcellular pathway 
through aqueous pores in the cell membrane. Normally, 
10% to 20% of an enteral load is absorbed. Lactulose, on 
the other hand, is larger, and its absorption occurs via 
pericellular pathways across damaged tight junctions. 
Lactulose is normally poorly absorbed enterally. Mucosal 
damage leading to altered intestinal permeability has a 
greater effect on lactulose absorption and subsequent re- 
nal excretion than on mannitol. Factors other than per- 
meability may influence the absorption and subsequent 
excretion of both sugars. These include gastric emptying, 
intestinal transit time, mucosal surface area, cardiac out- 
put, and renal function. Since these factors affect each 
sugar equally, indexing excretion of one to the other con- 
trols for these factors unrelated to intestinal permeability. 

We documented a 10-fold increase in intestinal perme- 
ability as measured by the L/M ratio in thermally injured 
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patients during the first 2 postburn weeks. The increased 
ratio did not correlate with postburn day or burn size. 
Deitch® recently reported a threefold increase in intestinal 
permeability in thermally injured patients during the first 
24 hours after injury with the use of the L/M ratio. The 
significantly larger increase in intestinal permeability 
documented in our patients may be explained by the 
methods used for analysis of urinary lactulose and man- 
nitol concentrations. We employed gas-liquid chromatog- 
raphy tc measure urinary lactulose and mannitol concen- 
trations simultaneously. Previous work used the 
enzymatic method of Behrens et al? to measure lactulose 
content. Our laboratory, as well as others, has found that 
urine fram patients with severe burns frequently contains 
multiple fluorescent substances that interfere with en- 
zyme assays of lactulose content. 

Only one previous study has addressed the relation- 
ship between altered intestinal permeability and infection 
in thermally injured patients. Ziegler et al,4 who studied 
patients 2 weeks after injury by means of the L/M ratio, 
noted that only infected burned patients had altered per- 
meability. However, due to the design of the study, no 
data were available for the first postburn week or for the 
period immediately preceding the infection episode. Our 
data showed a significant increase in permeability occur- 
ring on postburn day 2, before infection, in those patients 
who ultimately became infected. On postburn day 2, un- 
infected patients had a permeability index that was not 
different from that of controls. Although the L/M ratio 
subsequently increased in this population, it still was not 
Statistically significantly different from that of the control 
group. Whether this represents a type II error cannot be 
discerned from our data, but the mean L/M ratio of the 
group remained statistically significantly less than that of 
the infecced group. Our finding of increased intestinal 
permeability before the episode of infection suggests, but 
does not prove, a causal relationship. Six of the 13 infec- 
tions were caused by enteric organisms (four by Klebsiella 
species and two by Enterobacter species). The remaining 
infections were caused by gram-positive organisms and 
other norenteric gram-negative organisms, such as Ser- 
ratia and Pseudomonas species. 

The cause of the altered intestinal permeability in our 
patients who ultimately became infected remains unclear. 
Several hypotheses exist that may help explain this find- 
ing. It has been well documented in a canine model that 
intestinal mucosal blood flow is markedly decreased after 
thermal injury. At 1 hour after injury, Asch et al,” using 
microsphere techniques, reported that mucosal flow was 
40% of preinjury levels and returned to 70% of preinjury 
levels by 4hours after injury and fluid resuscitation. Thus, 
the early mcrease in intestinal permeability documented 
by Deitch’ and this study may be explained on the basis 
of an ischemia-reperfusion injury. Why only some of the 
patients developed this abnormality may be related to 
their resuscitation. Eight patients, all of whom developed 
infections, were admitted approximately 24 hours after 
injury. Detailed records of the resuscitations were not 
available for three patients, but four had had a 4-hour de- 
lay in resuscitation. The one remaining patient who 
developed an infection was transferred to our unit 12 
hours afte- injury and underwent a relatively uneventful 
resuscitation. 

Winchurch et al! noted a temporal relationship be- 
tween systemic endotoxin levels and postburn day, with 
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peak endotoxin levels measured on postburn days 3 and 
4. Although there is a positive correlation between burn 
size and endotoxemia, not every burned patient develops 
endotoxemia during the postburn course. It is possible 
that a periresuscitation ischemia/reperfusion injury may 
result in endotoxemia only in those patients who develop 
significant alterations in intestinal permeability. Endo- 
toxin has been shown to alter intestinal permeability in 
healthy laboratory controls and laboratory animals. ° 
The possibility exists that the sustained elevation in 
intestinal permeability may be secondary to the effects of 
endotoxin. Navaratnam et al” evaluated the hemody- 
namic effects of endotoxin on the gastrointestinal tract. 
Using an ovine model, they reported that endotoxin 
increased mesenteric vascular resistance, resulting in a 
more than 50% reduction in mesenteric blood flow. Sheep 
receiving endotoxin had a 100% incidence of bacterial 
translocation to mesenteric lymph nodes, while only 15% 
of sheep not receiving endotoxin had similar findings. 
The exact mechanism by which endotoxin promoted in- 
creased intestinal permeability in these animals has not 
been elucidated. It appears, however, that ischemia/ 
reperfusion injury may play a central role. Endotoxin- 
treated mice have been shown to have increased intesti- 
nal mucosal activities of xanthine oxidase and 
dehydrogenase after exposure. Inhibition of xanthine ox- 
idase with allopurinol and inactivation with a tungsten 
diet has been shown to inhibit endotoxin-induced bacte- 
rial translocation.” 

We have clearly demonstrated an increase in intestinal 
permeability to lactulose in a subset of thermally injured 

tients who subsequently developed an infection during 
their first 2 postburn weeks. It is not possible, from these 
data, to confirm a causal relationship, although the data 
suggest one. Deitch et al!” recently reported that bacterial 
translocation from the gut results in significant impairment 
of systemic immunity. This impaired systemic immunity 
was characterized by a decreased mitogenic response of 
lymphocytes isolated from mice who were monoassociated 
with Escherichia coli C25. In addition, the monoassociated 
mice were less able to control a local injection of Staphylococ- 
cus aureus, suggesting that the changes in mitogen respon- 
siveness may be of biologic significance. Thus, the increased 
permeability seen in our patients early in their postburn 
course before an episode of infection appears to be associ- 
ated with the later occurrence of infection and may even be 
a contributing factor to the increased susceptibility to infec- 
tion in burned patients. 
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Discussion 


EDWIN A. DEITCH, MD, SHREVEPORT, LA: The basic hypothe- 
sis behind this study is that there is a causal association between 
altered intestinal permeability and the development of a hyper- 
metabolic state, or infection. To verify this hypothesis in man, 
at least three conditions must be met: (1) intestinal permeability 
must be shown to be increased, (2) a correlation must be found 
between alterations in intestinal permeability and the develop- 
ment of a hypermetabolic response or sepsis, and (3) the hyper- 
metabolic response should be mitigated by preventing or reduc- 
ing the increase in intestinal permeability. 

Condition 1 seems met, since there are increasing patient data, 
including the study you have presented today, documenting 
that permeability is increased after thermal injury. Condition 2 
may be becoming met, since you showed us some data today in- 
dicating that increases in intestinal permeability are associated 
with an increased incidence of infection and perhaps even pre- 
dict infection since the alterations in permeability were present 
before the onset of infection. 

My first question for you is, since there was no correlation be- 
tween burn size and permeability and yet permeability predicted 
infection, how would you explain these paradoxical findings? 

My second question also relates to permeability measurement. 
Have you measured the hypermetabolic response of these 
patients to see if there is any relationship between altered per- 
meability and metabolism? 

The last step in my proposed sequence would be to try to nor- 
malize intestinal permeability and see if in fact one can prevent 
certain clinical problems from developing. Do you have any 
ideas in this regard? 

I agree with most of your conclusions. However, I am not sure 
that I agree with your statement that permeability is not 
increased in uninfected patients. If you look at the ratio of these 
patients to controls they are 2 to 4:1, depending on where you 
measure them. Since only six patients were not infected, due to 
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the small sample size, I wonder if you might not be seeing a type 
II error. 

Lastly, I’d like to congratulate the authors on the development 
of a new liquid-gas chromatographic assay for measuring these 
sugar probes. Since this assay seems to be much more sensitive 
and specific than the previous enzymatic assays, this new assay 
may go a long way in allowing us to more accurately investigate 
changes in intestinal permeability. 

PALMER Q. BESSEY, MD, ST Louis, Mo: One of the mechanisms 


you could correlate any of the permeability changes with enteral 
feedings and the ability to absorb gastrointestinal nutrients. 

MITCHELL P. FINK, MD, WORCESTER, MASS: Lactulose has a 
Van der Waals radius equal to 0.62 nm. Most of the biological 
molecules that we’re interested in that might be absorbed from 
the lumen of the gastrointestinal tract are substantially larger 
than that. I wonder if you might speculate as to what changes 
in permeability to a relatively small molecule, like lactulose, 
might have to do with changes in permeability to much larger 
molecules of biological significance, like endotoxin. 

ORI D. ROTSTEIN, MD, TORONT O, ONTARIO: In Dr Alexander's 
paper last year, he demonstrated that much of the endotoxin 
translocating across the gastrointestinal tract actually went 
through the cell, directly across the enterocyte. However, you 
show no difference in the mannitol, which is supposed to be a 
measure of transit across the enterocyte. What is the relationship 
between intestinal permeability as you measured it here using 
mannitol and other measures of bacterial translocation or endo- 
toxin egress from the gastrointestinal tract? 

DR LEVoyer: In response to Dr Deitch’s question, it is Possi- 
ble that alterations in intestinal permeability are a result of the 
initial injury as well as the resuscitation and subsequent treat- 
ment of the injury. In the group of patients who ultimately de- 
veloped infections, eight of the patients came to our facility from 
outside institutions, and four of these patients had a docu- 
mented delay in resuscitation. 
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This study was designed as a pilot study. The findings suggest 
a need fer i 


We did not routinely measure the metabolic rates of the 
patients. In our follow-up study, we plan to address this ques- 
tion. As we identify different factors that may have a role in the 
development of increased permeability, then we can evaluate 
the possibility of treatment or prophylaxis. For example, if de- 
layed resescitation and subsequent reperfusion injury is found 
to be a contributing factor, then we may be able to evaluate the 
use of xanthine oxidase inhibitors or inactivators. 

The possibility of a type II error may exist in our noninfected 
patient population. A larger study will help to evaluate this pos- 
sibility. Regarding Dr Bessey’s question on enteral feeding, our 
patients were begun on enteral feedings (either oral or via a na- 
sojejunal cube) by postinjury day 3 to 5. These feedings were 
continued throughout the hospital course. None of the patients 
were started on feedings before this period during the early 
postburn days when permeability was also documented to be 
increased. During the next study this may be something to eval- 
uate. 

Concerning the question regarding the disparity between the 
molecular size of lactulose and clinically relevant substances, 
such as 


ring. 
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Liver Nonparenchymal Cells Are Stimulated 
to Provide Interleukin 6 for Induction of the Hepatic 
Acute-Phase Response in Endotoxemia but Not 
in Remote Localized Inflammation 


Timothy R- Billiar, MD; Ronald D. Curran, MD; Debra L. Williams; Paul H. Kispert, MD 


è It has been postulated that Kupffer cells provide signals 
that regulate hepatecyte responses in sepsis and inflamma- 
tion. Although in vitro data support such a hypothesis, to our 
knowledge, no in vivo evidence has been reported. We in- 
jected rats with lipopolysaccharide intraperitoneally to 
simulate sepsis or turpentine intramuscularly to mimic lo- 
calized inflammation. Both treatments are known to induce 
the hepatic acute-phase response. Liver nonparenchymal 
cells and hepatocytes were isolated and placed in culture. 
Hepatocyte fibrinogen synthesis was measured as an indi- 
cation of interleukin 6 exposure, while nonparenchymal in- 
terleukin 6 production was measured directly. Both li- 
popolysaccharide and turpentine stimulated a sharp 
increase in hepatecyte fibrinogen synthesis (turpentine 
greater than lipapolysaccharide). However, only li- 
popolysaccharide injection was associated with increased 
nonparenchymal cell interleukin 6 synthesis. Increased cir- 
culating levels of interleukin 6 could be found only after li- 
popolysaccharide injection. In addition, tumor necrosis 
factor synthesis was enhanced by lipopolysaccharide but 
not turpentine. Our data show that nonparenchymal cells 
are stimulated to provide the interleukin 6 signal to hepa- 
tocytes in endotoxemia but not in remote localized inflam- 
mation, even though both treatments stimulate the hepatic 
acute-phase response. Our findings support paracrine func- 
tions for liver sinusoidal cells in certain septic states. 
(Arch Surg. 1992;127:31-37) 


H epatocellular esponses following injury and during 

sepsis include marked quantitative and qualitative 
changes in protein synthesis known as the hepatic acute- 
phase response. This reprioritization of protein synthesis 
is characterized by the enhanced synthesis of the acute- 
phase reactants and downregulation of production of 
proteins not essential to the survival response (eg, albu- 
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min).!? Acute-phase reactants play important roles in 
fighting infection and limiting tissue injury by acting as 
protease inhibitors, opsonins, and clotting factors and by 
binding heavy metals.’* The induction of the hepatic 
acute-phase response results from the action of cytokines 
on hepatocytes (HCs).** Many of the acute-phase reac- 
tants are stimulated by interleukin 6 (IL-6). Interleukin 1 
(IL-1) and tumor necrosis factor (TNF) have fewer actions; 
they stimulate other acute-phase reactants or modulate 
the action of IL-6.*° 

Several cell types have the capacity to synthesize these 
cytokines, but the in vivo source of the signals that regulate 
the hepatic responses is not well established. In the liver, 
both Kupffer cells (KCs) and endothelial cells represent 
potential cytokine sources. The proximity of these non- 
parenchymal cells (NPCs) to HCs makes it likely that cy- 
tokines released by the NPCs influence or regulate HCs. 
In addition, endotoxin, which is known to stimulate KC 
cytokine production,’ is also known to rapidly accumulate 
in KCs.* Extrahepatic sources of cytokines, such as circu- 
lating mononuclear cells, lymphoid tissue, and cells in the 
wound, are likely to release cytokines in the circulation, 
which could then stimulate HCs to enhance acute-phase 
protein synthesis. We have previously presented in vitro 
evidence that KCs can stimulate HC acute-phase reactant 
synthesis.’ Kupffer cells placed in coculture with HCs 
stimulate HC acute-phase reactant synthesis when ex- 
posed to lipopolysaccharide (LPS). This has been shown 
to occur at KC-to-HC ratios as low as 0.5:1. 

We sought to determine whether NPCs are stimulated 
to provide the IL-6 signal to HCs in vivo. The hepatic 
acute-phase response can be stimulated by both systemic 
and localized inflammation. Therefore, we used two in 
vivo rat models to study cytokine sources for acute-phase 
reactant production. Injection of LPS was used to repre- 
sent systemic inflammation (sepsis), and turpentine in- 
jection into the hind limb was used to create a localized 
wound known to stimulate the hepatic acute-phase re- 
sponse.” Fibrinogen was identified as an acute-phase re- 
actant when its production by HCs was found to be 
increased by supernatant from activated monocytes," 
and HCs from rats that underwent laparotomy were 
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found to produce increased quantities of fibrinogen. In- 
creases in HC fibrinogen synthesis are thought to be in- 
duced only by IL-6 in the rat.!>5 Hepatocyte synthesis of 
this acute-phase reactant was studied as a marker of HC 
IL-6 exposure, while the stimulation of NPC IL-6 synthe- 
sis was measured directly. l 


MATERIALS AND METHODS 
Isolation of Liver Cells 


Liver cells were obtained from unfasted male Sprague-Dawley 
rats weighing 200 to 250 g (Harlan Sprague-Dawley, Madison, 
Wis). Liver cells were prepared with an in situ collagenase (type 
IV, Sigma Chemical Co, St Louis, Mo) perfusion technique, as 
previously described.'® Groups included (1) control rats (no in- 
jection), (2) rats injected with LPS (5 mg/kg intraperitoneally), 
and (3) rats injected with turpentine (2.5 mL/kg in the right hind 
limb intramuscularly). The HCs were purified by differential 
centrifugation three times at 50g for 2 minutes. Viability consis- 
tently exceeded 85% by trypan blue exclusion. The NPCs were 
obtained by removing the supernatant from the first 50g spin of 
the crude liver cell suspension that contained most of the NPCs 
and some contaminating HCs. This supernatant was subjected 
to three additional spins at 50g to remove the HCs. Each time, 
the supernatant was retained and the pellet was discarded. The 
NPC fractions were free of HCs and greater than 95% viable by 
trypan blue exclusion. 


Cell Culture Technique 


Hepatocytes were plated at 500 000 cells per milliliter onto six- 
well plates in a 1-mL volume (Costar Data Packaging, Cam- 
bridge, Mass) coated with gelatin. Culture medium consisted of 
Williams medium E (GIBCO, Grand Island, NY ) supplemented 
with insulin (10-° mol/L), HEPES (15 mmol/L), L-glutamine, 
penicillin, streptomycin, and 10% fetal calf serum (Hyclone Lab- 
oratories, Logan, Utah). After allowing 3 hours for adherence, 
the wells were gently washed with Williams medium E without 
additives and then replaced with the supplemented Williams E 
without fetal calf serum. The hepatocytes were allowed to pro- 
duce fibrinogen at their basal rates for 24 hours. The supernatant 
was then harvested and stored at — 70°C until assay. Nonparen- 
chymal cells were placed in culture in 24-mm wells that were 
gelatin coated at 1x 10° cells per 0.5 mL of medium. Williams 
medium E supplemented as described above, with the exclusion 
of fetal calf serum, was used as culture medium. The cultures 
were incubated at 37°C in 5% carbon dioxide. Supernatants were 
obtained at 3 hours for TNF determinations and 24 hours for IL-6 
level determinations. After harvesting, the supernatants were 
centrifuged at 3000g for 5 minutes to remove cellular debris and 
then stored at —70°C until assayed for IL-6 or TNF content. 


Measurement of Fibrinogen 


Fibrinogen was measured with a modified immunoblotting 
technique described by LaDuca."” Supernatant samples were 
absorbed onto nitrocellulose paper (Biorad, Rockville Center, 
NY). Rabbit anti-rat fibrinogen antibodies (Cappel Corp, West 
Chester, Pa) were used at a 1:25 dilution. Polysorbate 20 (Tween 
20) (100 uL of 0.5% vol/vol in TRIS buffer was added to each well 
as a blocking agent). Fifty microliters of the diluted fibrinogen 
_ antibody was added to each well. After washing to remove ex- 
cess antibody, 100 pL of Protein A (0.074 to 0.37 uBq/ug of 
protein, 2 x 10° cpm; New England Nuclear, Cambridge, Mass) 
at 50 L per was added to each well. Each well was washed with 
_ polysorbate 20 (0.1% vol/vol) three times between steps. The 
dotted areas of the nitrocellulose were cut out with a paper 
punch and counted in a gamma counter. 


IL-6 Assay 


Interleukin 6 activity in the NPC supernatants and serum was 
measured with the murine hybridoma cell line B-9.'* Briefly, 
2x 10° cells were cultured in the presence of serial dilutions of 
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Fig 1.—Effect of cytokines on hepatocyte fibrinogen synthesis. A 
total of 5<10° hepatocytes were incubated with recombinant 
human interleukin 6 (IL-6), recombinant rat interferon gamma (INF), 
recombinant human interleukin 1 (IL-1), or recombinant murine tu- 
mor necrosis factor (TNF). Supernatants were assayed for fibrinogen 
after 24 hours of incubation. Results represent the mean+SD of 
samples measured in triplicate. Asterisks indicate P<.05 vs no cy- 
tokines added. Open circles indicate TNF: solid circles, IL-1; open 
squares, INF; and solid squares, IL-6. 


supernatants or serum in a final volume of 0.2 mL of RPMI 1640 
and 25 mmol/L of HEPES supplemented with 2 mmol/L of 
L-glutamine, 5 x 10- 2-mercaptoethanol, 10% fetal calf serum, 
100 U/mL of penicillin, and 100 g/mL of streptomycin for 3.5 
days at 37°C and 5% carbon dioxide in air. The plates were pulsed 
with 0.074 Bq per well of tritiated thymidine for an additional 
4 hours. The cells were harvested, and radioactivity was deter- 
mined by Lquid scintillation spectroscopy. Interleukin 6 activity 
was expressed in units per milliliter as derived from a standard 
curve. In some experiments, IL-6 activity in the NPC superna- 
tant was also determined by the capacity of the supernatant to 
stimulate HC fibrinogen synthesis. In these experiments, NPC 
supernatant was added to cultured HCs (5 x 105 HCs per well) at 
25% strength in the presence of dexamethasone (10-6 mol/L). 
Fibrinogen content in the HC supernatant was determined 24 
hours later. Nonparenchymal cell supernatant did not contain 
measurable fibrinogen. 


TNF Assay 


Tumor necrosis factor activity was measured in NPC superna- 
tant with the lysis of L929 fibroblasts in the presence of actino- 
mycin D, as previously described. 


Statistical Analysis 


The significance of differences was determined with the paired 
Student ż test. 


RESULTS 


The production of fibrinogen by HCs is upregulated by 
IL-6.“ Corticosteroid therapy is required for maximal 
IL-6-induced fibrinogen synthesis.””"?! To confirm that 
HC fibrinogen synthesis was responsive only to IL-6 and 
not to other cytokines involved in the induction of the 
acute-phase response, HCs were exposed to human IL-6, 
recombinant human IL-1, recombinant murine TNF, or 
recombinant rat interferon gamma in culture in the pres- 
ence of dexamethasone (1076 mol/L). Interleukin 6 in- 
duced a dose-dependent increase in fibrinogen synthesis, 
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Fig 2.— Synthesis of fibrinogen by hepatocytes isolated from rats 


injected with lipopolysaccharide (hatched bars) or turpentine 
(shaded bars). Rats were injected with lipopolysaccharide intraperi- 
toneally or turpentine in the hind limb, and the hepatocytes were 
isolated 6 or 18 hours after the injections. The hepatocytes were 
placed in culture, and the fibrinogen levels in the culture superna- 
tants were determined 24 hours later. The data show the fibrinogen 


production for 5x 10° hepatocytes given as the mean+SD for trip- 


licate cultures. Asterisks indicate P<.05 vs control and lipopolysac- 
charide-treated rats. 


while IL-1, TNF, and interferon gamma had no effect (Fig 
1). Combinations of IL-1 and TNF with IL-6 did not 
increase but actually decreased IL-6-induced fibrinogen 
synthesis by HCs (data not shown). Increased HC fibrin- 
ogen synthesis was thus considered to indicate exposure 
of HCs to IL-6. 

Liver cells were isolated from rats previously injected 
with LPS intraperitoneally or with turpentine in the hind 
limb. Hepatocytes were placed in cell culture, and fibrin- 
ogen synthesis during the subsequent 24 hours was de- 
termined. Nonparenchymal cells were placed in separate 
cultures, and 24-hour IL-6 release was determined. This 
technique allowed for the determination of the degree of 
HC stimulation for fibrinogen synthesis and simulta- 
neous measurement of induced NPC IL-6 release. Figure 
2 shows the fibrinogen synthesis of HCs from control rats 
and from rats injected with LPS or turpentine. Increased 
HC fibrinogen synthesis was seen in rats after both LPS 
and turpentine injection compared with control rats. He- 
patocytes harvested 18 hours after injection were found to 
produce more fibrinogen than cells obtained after only 6 
hours. In addition, turpentine was a more potent stimu- 
lus for induction of HC fibrinogen synthesis than was 
LPS, resulting in greater HC fibrinogen synthesis at both 
time points. 

The induction of NPC IL-6 production was measured by 
two methods. In the first measurement method, IL-6 lev- 
els in NPC supernatant were determined with the stan- 
dard IL-6 bioassay based on the proliferation of B-9 
hybridoma cells. In the second measurement method, 
NPC supernatant was tested for its capacity to directly 
stimulate HC fibrinogen synthesis in vitro by placing NPC 
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Fig 3.— Synthesis of interleukin 6 by nonparenchymal cells isolated 
from rats injected with lipopolysaccharide (hatched bars) or tur- 
pentine (shaded bars). Rats were injected with lipopolysaccharide 
intraperitoneally or turpentine in the hind limb. The nonparenchy- 
mal cells were isolated and cultured 6 or 18 hours after the injection, 
and interleukin 6 activity in the culture supernatant was measured 
by B-9 hybridoma proliferation assay (top) or the capacity of the su- 
pernatant to directly stimulate fibrinogen synthesis by normal cul- 
tured hepatocytes (bottom). Data represent the mean+SD for trip- 
licate cultures. Asterisks indicate P<.05 vs control and turpentine- 
treated rats. 


supernatant on normal HC and measuring fibrinogen 
synthesis during a 24-hour period. Nonparenchymal cells 
from LPS-injected rats were found to produce large 
quantities of IL-6 when placed in culture as measured by 
both assays. Nonparenchymal cells obtained both 6 and 
18 hours after injection were stimulated to produce IL-6, 
but the degree of stimulation was greater at 18 hours. In 
contrast, NPCs from rats injected with turpentine failed 
to produce greater quantities of IL-6 than control HCs as 
measured by both assays (Fig 3). 

Circulating IL-6 levels were determined with the B-9 
hybridoma proliferation assay. Lipopolysaccharide injec- 
tion resulted in early marked increases in IL-6 levels that 
then declined by 18 hours (Fig 4). No increase in circulat- 
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Fig 4.— Circulating serum interleukin 6 levels. Blood levels of inter- 
leukin 6, measured by the B-9 hybridoma assay, were determined 
at 6 and 18 hours after injection of lipopolysaccharide intraperi- 
toneally (hatched bars) or turpentine (shaded bars) in the hind limb. 
Asterisks indicate P<.05 vs control and turpentine-treated rats. 


ing IL-6 levels could be detected following turpentine in- 
jection. 

Tumor necrosis factor and IL-1 are known to stimulate 
IL-6 synthesis by endothelial cells.” Therefore, produc- 
tion of these cytokines by KCs could stimulate liver 
endothelial cell IL-6 synthesis. To determine whether el- 
evated NPC TNF production preceded NPC IL-6 synthe- 
sis, NPC TNF production was measured. Tumor necrosis 
factor levels are known to peak early; therefore, NPCs 
were obtained just 3 hours after injection of LPS or 
turpentine. The NPCs were exposed to LPS in vitro to 
determine whether the cells maintained the capacity to 
respond to a known TNF stimulus. Following LPS injec- 
tion, the NPCs were found to produce more TNF spon- 
taneously in culture and more TNF when exposed to LPS 
in vitro (Fig 5). Compared with controls, TNF production 
was reduced in the NPCs obtained from rats injected with 
turpentine. These NPCs also showed a reduced response 
to LPS added in vitro. 


COMMENT 


In the experiments reported herein, we have demon- 
strated that liver NPCs are stimulated by in vivo LPS ad- 
ministration to produce IL-6. The stimulation of NPC IL-6 
production was associated with increased fibrinogen 
synthesis by HCs. We have shown that supernatant from 
NPCs placed in culture following LPS injection directly 
stimulated fibrinogen synthesis by cultured HCs. Because 
the upregulation of fibrinogen synthesis by HCs is an IL- 
6—dependent process, 35 we interpreted these findings as 
showing that NPCs do provide cytokine signals to HCs for 
induction of the acute-phase response. We have previ- 
ously shown, in a KC and HC coculture model, that LPS 
stimulation results in increased fibrinogen synthesis by 
HCs.’ Therefore, based on in vitro work, we would have 
predicted the in vivo finding. Other established findings 
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Fig 5.—Nonparenchymal cell tumor necrosis factor production. 
Nonparenchymal cells were obtained from control rats or 3 hours 
after injection of lipopolysaccharide (LPS) intraperitoneally or 
turpentine in the hind limb. Some of the nonparenchymal cells 
were cultured in medium with LPS added. After 3 hours in culture, 
the supernatants were removed and tumor necrosis factor levels 
were measured by the L929 fibroblast lysis assay. Results show the 
mean SO for triplicate cultures. Asterisks indicate P<.05 vs control 
rats. Black bars indicate media; hatched bars, 0.1 ug/mL of LPS; and 
shaded bars, 10 wg/mL of LPS. 


that predicted that LPS would act as a stimulus for NPC 
IL-6 production in vivo include the following: (1) Li- 
popolysaccharide is known to stimulate KC IL-6 synthe- 
sis in vitro.”° (2) Lipopolysaccharide is known to rapidly 
and preferentially accumulate in KCs in vivo.® Before 
these experiments, in vivo evidence that KCs or NPCs are 
activated in vivo to provide cytokine signals to HCs had 
been lacking. In fact, KCs have been shown to exhibit de- 
creased secretory activity compared with other types of 
macrophages,” raising the possibility that KCs may act 
primarily as phagocytic cells and not perform paracrine 
functions. Our data would support paracrine functions 
for KCs under certain septic conditions. 

Intramuscular or subcutaneous turpentine injection is a 
well-established model for the induction of the hepatic 
acute-phase response." The turpentine itself does not 
stimulate HCs directly but instead is thought to create a 
local wound that then releases signals that stimulate the 
HCs, either directly or indirectly, to produce acute-phase 
reactants. The importance of such a response is that HCs 
then release proteins, such as protease inhibitors, that 
limit tissue injury. We have shown herein that even 
though turpentine induces more HC fibrinogen synthesis 
than LPS, the NPCs were not stimulated to provide the 
IL-6 signal. The lack of NPC IL-6 production was demon- 
strated by both the standard B-9 hybridoma proliferation 
assay and the inability of NPC supernatant to directly 
stimulate fibrinogen synthesis by cultured HCs. Likely 
sources for IL-6 include cells in the wound, such as mac- 
rophages, endothelial cells, and fibroblasts. With the use 
of subcutaneously implanted sponges as a wound model, 
we have previously demonstrated high levels of IL-6 in 
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sponge fluid,” providing evidence that the wound is a 
major source of IL-6. Possible explanations for differences 
between HC fibrinogen production in turpentine- and 
LPS-treated rats is heightened HC IL-6 sensitivity in the 
turpentine-treated rats. Glucocorticoids induce marked 
upregulation of HC responses to IL-6.7?%?2 Elevated cor- 
ticosteroid levels might greatly increase HC sensitivity to 
low circulating levels of IL-6, resulting in enhanced 
fibrinogen synthesis. In addition, cytokines, such as IL-1 
and TNE, which might be released in response to LPS but 
not turpentine, could downregulate HC responses to IL-6 
and decrease HC fibrinogen synthesis. 

Although our data suggest that the IL-6 in the turpen- 
tine model originates in the wound and not in the NPCs, 
we were unable to demonstrate increased IL-6 levels in 
the circulation in this model. Lipopolysaccharide injection 


resulted in early increases in circulating IL-6 levels de- 


tected by the B-9 hybridoma proliferation assay. A possi- 
ble explanation for this discrepancy is the potential pres- 
ence of substances in the serum of turpentine-treated rats 
that inhibit the IL-6 assay. Also, IL-6 is normally cleared 
rapidly from the circulation by both the liver and skin.” 
Circulating IL-6 is rapidly bound by the HCs, possibly re- 
sulting in low circulating IL-6 levels if IL-6 is slowly 
released from a wound. The liver does not degrade the 
IL-6 but instead releases the bound IL-6, which is then 
degraded in the skin. It is possible that uptake, release, 
and degradation rates are different in the two models. The 
possibility that substances other than IL-6 that stimulate 
HC fibrinogen synthesis are produced following turpen- 
tine injection must also be considered, although no other 
substances have been reported. 

It is important to distinguish between KCs and NPCs. 
Nonparenchymal cells include, in addition to KCs, en- 
dothelial cells, Ito cells, and pit cells.” It is likely that the 
endothelial cells also have the capacity to produce IL-6 if 
exposed to other cytokines, such as TNF or IL-1.” We 
found that NPCs from LPS-injected rats produced more 
TNF spontaneously, end they produced even more TNF 
when exposed to LPS in vitro. Nonparenchymal cells 
from turpentine-treated rats produced less TNF sponta- 
neously and were less responsive to LPS. These data 
show that LPS injection may upregulate local IL-6 pro- 
duction via the synthesis of other cytokines, while tur- 
pentine injection may actually inhibit NPC cytokine pro- 
duction, perhaps through the release of inhibitory 
substances from the wound. 

We have postulated that interactions between liver si- 
nusoidal cells and parenchymal cells play an important 
role in the changes in “iver function seen in sepsis.” In the 
KC and HC coculture model, we have shown that in ad- 
dition to inducing the synthesis of acute-phase reactants,” 
LPS-stimulated KCs also induce the synthesis of nitric 
oxide by HCs.¥”? The induction of nitric oxide synthesis 
results in decreased protein synthesis**! and mild HC 
damage.*! We have aiso reported evidence that the com- 
munication is bidirectional, showing that HCs release 
substances that increase KC prostaglandin E,” and cy- 
tokine production® in response to LPS. The stimulation of 
NPC IL-6 synthesis by LPS administration in vivo pro- 
vides important support for the hypothesis that KCs do 
indeed regulate HC responses in certain septic states. The 
results of the turpentine experiments show that HCs are 
also regulated by cytokines from extrahepatic sources. 
Whether the source end quantity of cytokines are critical 
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to the physiologic or even pathologic responses of the 
liver in sepsis remains to be determined. 


This investigation was supported by grants GM 44100 and GM 
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Discussion 


M. WAYNE FLYE, MD, PHD, St Louis, Mo: This very nice pa- 
per continues to elaborate on the interrelationship of cytokines 
and the liver cell response, whether it be during sepsis or dur- 
ing other more general responses. 

The acute-phase response has been described for many years, 
with each definition becoming more complex. There are a vari- 
ety of response proteins involved. We know that in vitro and in 
vivo culture conditions can determine the specificity and re- 
sponsiveness of the response. Certain acute-phase reactive pro- 
teins will respond to one set of cytokines and in other circum- 
stances to another cytokines profile. The systemic acute-phase 
reactive response in vivo is accompanied by increased levels of 
circulating glucocorticoids. This is thought to be mediated by the 
pituitary adrenal axis so that glucocorticoids act in a synergistic 
fashion with some of the cytokines. This was first noted for Qz- 
macroglobulin. It is thought to possibly be due to displacement 
of cytokines from the cell membrane so that there is a decreased 
response in certain circumstances or up regulation in others. The 
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protein response of rat hepatocytes to various cytokines, partic- 
ularly I_-6, is specific for a2-macroglobulin, the fibrinogens, and, 
particu_arly, a2-antitrypsin. In fact, a)-antitrypsin seems to need 
only IL-6 as a mediator. 

I have several specific questions. In your model, LPS admin- 
istered _ntraperitoneally should be absorbed from the peritoneal 
cavity Ly the mesenteric/portal venous system and circulate di- 
rectly tc the liver, whereas turpentine injected at a peripheral site 
would circulate randomly to the liver. Therefore, the route of 
administration may have an important effect on how the liver 
responds to mediators, such as the cytokines. 

Although you examined the response to two doses of the 
LPS, I wonder if this represents the full dose-response curve 
in vivo. Could the effect of turpentine administered distally 
provide a quantitatively different stimulus and therefore a 
different IL-6 response? While you indicated that IL-6 is not 
detectable in the circulation, I believe you also reported pre- 
viously that sponges within the turpentine wound will have . 
increased levels of IL-6. Since you are not measuring elevated 
IL-6 in the circulation, how does the stimulus get from the 
distant turpentine injection site to stimulate the liver? You 
indicated that there is a discrepancy between fibrinogen syn- 
thesis and the response of the hepatocyte to proliferation, as 
well as IL-6 production, with LPS stimulation, but with tur- 
pentine injection this did not occur. Why? Is the poor re- 
sponse in your turpentine model analogous to endotoxin re- 
sistance or tolerance that results if endotoxin is given before 
endotox:n restimulation? 

Is there a difference in the cytokine production of Kupffer cells 
that are in juxtaposition to the hepatocytes vs those in lymph 
nodes draining the site of turpentine injection? We have dem- 
onstrated that there is a regional difference in macrophage IL-6 
and PGE, production. PGE, can markedly suppress cytokine 
production. Do cells from regional lymph nodes draining the 
turpentine injected site regulate the response to circulating IL-6? 

In addition, there can be a difference in cytokine production 
at the transcriptional or posttranslational level. Although you 
detect differences with an IL-6 bioassay, is there also a difference 
at the transcriptional level? 

NICOLAS V. CHRISTOU, MD, PHD, Montreal, Quebec: I would 
like to just reinforce what Dr Flye said, and that is the model. If 
your model is correct, what it is telling us is that the peripheral 
injury dces not turn on a cytokine cascade, at least in relation to 
IL-6. Dr Border would I’m sure get up and comment that when 
his fractures are set sooner, people get better, and the hypoth- 
esis was that indeed a fracture does set up a cytokine response. 
Therefore, have you looked at alternate models. Caragenen is 
more wicely used as a peripheral injury model, especially in the 
hindfoot of the animal or a fracture with or without infection, to 
see if inceed there is such a compartmentalization of the cyto- 
kine response in relation to injury. Does the peritoneal cavity, 
which may be giving totally different signals to the host, includ- 
ing a neuroendocrine response, differ from the periphery which 
may be perceived differently by the host? 

MARC E. LANSER, MD, Boston, Mass: Two years ago, the group 
from Cornell showed that the peripheral stimulus of an inflam- 
matory focus markedly increased IL-6 message in Kupffer cells. 
This raises the question as to whether your turpentine model 
was a sufficient stimulus both in time and also in severity. Usu- 
ally turpentine models go for 24 or 48 hours before one begins 
to see the acute-phase response, and you only have 6- and 18- 
hour time points. It also raises the question of what would hap- 
pen if you had a peripheral abscess. Would that give a stronger 
signal? 

The notion that there is another cytokine coming from the pe- 
riphery to the hepatocytes is intriguing, but you haven’t an- 
swered the question as to what the Kupffer cells are doing at the 
message level. 

BARRY BROWNE, MD, Wauwatosa, Wis: I’m concerned about 
the dose cf endotoxin used. What type of endotoxin did you use, 
and what was its activity as measured by endotoxin units? If you 
used one of the common preparations, it is likely that you pro- 
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duced plasma levels between 100 and 1000 EU/mL, which is their secretory activity is dramatically reduced. One of the rea- 


considerably higher tkan that necessary to produce severe sys- sons for this study actually was to determine whether or not 
temic manifestations in humans. Did you measure plasma Kupffer cells can produce cytokines in vivo based on this 
endotoxin levels in amy cf your animals? reduced capacity to secrete compared with other macrophages. 

MICHAEL A. WEST, MD, Minneapolis, Minn: A lot of your work I agree with Dr Flye that measuring message would probably 


was predicated on the idea that circulating levels of cytokines or be more important or at least as important in conjunction with 
mediators were not as important as local interactions. I see a actually looking at bioassays to really nail down this finding. 

number of papers at this meeting and in the literature looking for Dr Christou asked whether or not we had looked at other 
correlation between some of those circulating levels and end or- models of acute-phase synthesis induction. We haven't looked 
gan effects. I wonder what you think the relative importance of at other models. I do believe that is an important question, and 
the circulating or local effects are. Are you hypothesizing that I would guess that caragenen would give us a different response. 
something other than interleukin 6 or a combination of interleu- Dr Lanser brought up the issue of time course in the turpen- 
kin 6 and some other cytokines locally within the liver are tine model, and he is right that many authors look at the 24- or 
responsible for the fibrinogen synthesis? Should we really be 36-hour time point when they are studying the acute-phase re- 
looking for the systemic levels of some of these mediators, which sponse in this model. All I can say is that 6 hours following tur- 
may be in fact undetectable? pentine injection, fibrinogen synthesis by hepatocytes was 

Dr BILLIAR: Dr Flye asked specifically whether we had done already significantly induced. I consider that a legitimate time 
dose responses. The answer to that is no. The dose for the en- point primarily because the fibrinogen is induced and NPC IL-6 
dotoxin was 5 mg/kg, which is anonlethal dose, but itis certainly is not there at that time point, so at least in early induction it ap- 
a dose that has been used to stimulate animals in vivo and to pears that IL-6 is not coming from the Kupffer cells. Certainly by 
simulate endotoxemia. The dese for the turpentine was 2.5 94 or 36 hours, the signal may very well come from the Kupffer 
mL/kg administered in the hind limb. cell. 

Dr Flye also asked about the source of the IL-6 in the turpen- He also asked about peripheral abscesses. Although we 
tine model and how it gets to the liver. I think the source is most haven't studied this, I think it is a good idea and would be an 
likely the wound. Henri Ford in our lab in the past has presented interesting model. Here you have a combination of a peripheral 
evidence at this meeting that IL-6 levels are high in subcutane- inflammation or wound as well as a source of endotoxin. 


ously implanted sponges without any additional stimulus. Just Dr Browne, concerning your question of endotoxin levels, we 
implanting the sponge in the subcutaneous tissue stimulates did not look at endotoxin levels in these particular experiments. 
high local concentrations of IL-6. The reason we cannot detect Dr West asked a question of the relative importance of circu- 


the IL-6 in transit from the wound to the liver is unclear. I would lating cytokines vs cytokines produced locally in the liver. I am 
suggest that it is related to something in the B-9 hybridoma pro- leaning toward the idea that Kupffer cells probably are not the 
liferation assay and the inability of this assay to detect the IL-6, most important source of cytokines in most settings and that 
although I do not have direct əvidence for this. when Kupffer cells actually become stimulated to the point 

Dr Flye also asked about macrophages from other sites and where they are producing a lot of cytokines or secretory 
whether we had measured IL-é from draining lymph nodes. We substances, it is at this point that they may contribute to hepa- 
haven't done that, but I do believe it is an important question, tocellular dysfunction. Normally, Kupffer cells may be down- 
because those of us who work with Kupffer cells know that regulated to avoid the potential damaging effects on the neigh- 
Kupffer cells are considered rather lazy macrophages in terms of boring hepatocytes and that physiologically the more important 
their secretory activity; although they are ravenous eaters com- source of cytokines includes cells within the wound or circulat- 
pared with peritoneal macrophages or alveolar macrophages, ing cells. 
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Analysis of Infectious Com 
Solid-Organ T 


© To improve our understanding of posttransplant infections, 
we analyzed bacterial, viral, fungal, parasitic, and other infec- 
tions in 604 consecutive recipients of kidney (n= 51 8), kidney- 
pancreas (n = 82), kidney-liver (n = 3), or kidney-islet (n = 1) al- 
lografts (355 cadaveric, 14 living-unrelated, 235 living-related 
donors) who also received cyclosporine, azathioprine, and 
prednisone immunosuppression. Recipients of cadaveric grafts 
received additional induction immunosuppression (antilym- 
phocyte globulin or murine monoclonal antibody OKT3). Re- 
jection episodes were treated with high-dose steroids, and ei- 
ther antilymphocyte globulin or OKT3 was administered when 
clinically indicated. Perioperative antibiotics and posttrans- 
plant prophylactic acyclovir sodium or ganciclovir sodium, 
trimethoprim-sulfamethoxazole, and clotrimazole or nystatin 
(Mycostatin) were administered to all recipients. Two hundred 
thirteen patients (35.3%) were found to have had no identifi- 
able infections, while 391 (64.7%) had either isolated bacterial 
(97 [16.1%)]), viral (53 [8.8%]), or fungal (34 [5.6%]) infections 
or combination (concurrent or sequential) infections with bac- 
terial plus viral (46 [7.6%]), bacterial plus fungal (66 [1 0.9%]), 
viral plus fungal (20 [3.3%]), bacterial plus viral plus fungal (64 
[10.6%]), or bacterial plus viral plus fungal plus parasitic (11 
[1.8%]) pathogens in the posttransplantation period. Renal al- 
lograft survival (percentage, actuarial method) was diminished 
in patients with infections at both 1 year (91% vs 83%) and 
3 years (81% vs 76%) after transplantation, as was actuarial 
patient survival (1 year, 97% vs 92%; 3 years, 93% vs 88%), 
We conclude that infection remains a major cause of both pa- 
tient demise and allograft loss following successful solid-organ 
transplantation. 
(Arch Surg. 1992;1 27:38-48) 


D uring the past several decades, a number of remark- 

able advances have taken place that directly affect 
the care of solid-organ transplant recipients. These ad- 
vances have stemmed in large part from continually 
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plications Occurring After 
ransplantation 


increasing clinical experience with organ transplantation 
based i 


of when to proceed with organ transplantation, 
(2) improvement in operative technique and preoperative 
and postoperative patient care, (3) an expanding group of 
new and more potent immunosuppressive agents, (4) the 
use of protocols where multiple induction and mainte- 
nance inumunosuppressive agents are utilized to suppress 
graft rejection, and (5) improvements in the diagnosis, 


treatment, and prevention of infectious diseases that oc- 4 


cur during immunosuppressive therapy.'? Infection 
(INF), hcwever, remains a major cause of morbidity and 
mortality in organ transplant recipients. 32° Several fac- 
tors that are assuredly related to immunosuppression 


leukopenia, may be masked or absent. In addition, the 
rapidity with which INFs can progress can be dramatic in 
the immtnosuppressed host, and INFs caused by com- 
mon pathogenic organisms and microbial agents that are 
nonpathcgenic under normal circumstances may cause 
severe INF in this patient population. 

Because itis not yet possible selectively to suppress theim- 
mune system to allow acceptance of allogeneic tissue while 
maintaining intact host defenses directed against bacterial, 
viral, fungal, protozoan, and other pathogens, the occur- 
rence of an increased incidence of INF and malignant neo- 
plasia in transplant recipients secondary to nonspecific de- 
pression of host defense systems is not surprising. Histor- 
ically, it aas been well demonstrated that solid-organ 
transplantrecipients are more prone to a variety of common 
and opportunistic INFs caused by a wide spectrum of 
agents.” "* +22 A numberof factors have been demonstrated 
to predispose patients to INF following solid-organ trans- 
plantation These include diabetes mellitus, hepatitis, leuko- 
penia, splenectomy, persistent uremia, cadaveric (CAD) al- 
lograft transplantation, and repeated treatment of persistent 
or recurrent rejection episodes.” Recipients of CAD al- 
lografts typically require more induction and maintenance 
immunoseppression than recipients of well-matched living- 
related donor (LRD) allografts, and CAD allograft recipients 
have a higner incidence of allograft rejection requiring ad- 
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ditional immunosuppressive treatment as well.'*” The pur- 
pose of this study wasto determine the current incidence and 
impact on patient and allograft survival of posttransplant 
INFs occurring in 604 consecutive renal allograft recipients. 


PATIENTS AND METHODS 
Study Population and Patient Demographics 

Between June 1, 1987, and September 30, 1990, 604 consecutive 
renal transplantation procedures were performed at the Univer- 
sity of Minnesota Hospital, Minneapolis, and consisted of kidney 
alone (n=518), kidney-pancreas (n= 82), kidney-liver (n =3), 
and kidney-islet (n = 1) allografts (355 CAD, 14 living-unrelated 
donor [LUR], 235 LRD grafts). Renal transplantation alone or in 
conjunction with a liver or islet allograft was performed in the 
standard fashion using a retroperitoneal approach. Kidney trans- 
plantation done simultaneously with pancreas transplantation 
was performed througha midline incision, and both organs were 
placed in an intraperitoneal position. Pancreatic exocrine secre- 
tions were drained into the bladder through a duodenocys- 
tostomy, and serum glucose and urinary amylase levels were 
monitored as a measure of posttransplantation pancreatic graft 
function. Serial serumcreatinine determinations were performed 
to assay renal allograft function. Percutaneous renal or hepatic 
allograft or transcystoscopic pancreas transplant biopsies were 

ed when rejection was suspected.” 

Data on patient characteristics, posttransplant INF, and graft and 
patient outcome were continuously monitored and maintained on 
acomputer database. Demographic variables and patient character- 
istics relevant to outcome that were examined included allograft 
type, donor source, retransplantation, recipient age at transplanta- 
tion, sex, primary renal disease, presence of diabetes mellitus, site 
and type of posttransplant INF, cause of graft loss, cause of death, 
number of rejection episodes, and administration of and number of 


_ doses of Minnesota antilymphocyte globulin (ALG) ormurine mon- 


~ oclonal antibody OKT3 (Ortho Pharmaceutical Corp, Raritan, NJ) 


used for induction and antirejection therapy. On November 19, 
1990, we calculated actuarial patient and graft survival rates as well 
as the causes of graft loss and patient death and the incidence and 
type of posttransplant INFs. 


Immunosuppressive Protocols 

Recipients of LRD reral transplants received cyclosporine, 10 
mg~':kg?-d-'! orally for 2 days before transplantation, and then 
8 mg~'-kg?-d-'thereafter. Cadaveric kidney and kidney- 
pancreas transplant rec:pients received cyclosporine beginning 
on day 5 after transplantation, unless evidence of renal dysfunc- 
tion was present, in which case cyclosporine was withheld or 
given at only a low dese (1 to 3 mg” ':kg~!:d7! orally) until the 
serum creatinine value was below 270 pmol/L. Whole blood 
concentrations of cyclesporine were measured by high-pressure 
liquid chromatography and were adjusted as follows: 0 to 
3 months after transplantation, 200 to 250 ug/L; 3 to 6 months 
after transplantation, 150 to 200 ug/L; and more than 6 months 
after transplantation, 100 to 150 pg/L. An attempt was made to 
maintain the gonane serum concentration near the high 
end of these ranges for kidney-pancreas allograft recipients, and 
toward the midrange for kidney-alone allograft recipients. 

Azathioprine therapy was instituted on the day of transplan- 
tation (5 mg~'-kg~'d~), and the dosage was reduced in grad- 
ual increments so that within 5 days of transplantation, the dose 
was 2.5 mg~'-kg~'-d~', unless leukopenia was present, at which 
time a further reduction in dose was made. Prednisone therapy 
was also instituted on the day of transplantation (LRD HLA- 
identical, 0.5 mg~!:kg~ d-t; LRD HLA-nonidentical kidney and 
CAD kidney, 1.0 mg kg do’; CAD kidney-pancreas and 
kidney-liver, 2.0 mg™ -kg~'-d~'), and the dosage was reduced in 
gradual increments so that by 12 weeks after transplantation, a 
dosage of 0.25 mg ‘kg 'd™' (LRD HLA-identical) or 
0.3 mg`^kg-^d- (LRD HLA-nonidentical, CAD kidney, 
kidney-pancreas, or kidney-liver) was administered. 
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Either ALG (20 mg~!-kg~'-d=') or OKT3 (5 mg/d) was admin- 
istered as initial induction therapy to prevent rejection in CAD 
kidney (7 days) and kidney-pancreas (14 days) recipients. A 
randomized, nonblinded trial to study the effects of ALG and 
OKT3 administration on these patient groups was ongoing dur- 
ing the period that these transplantation procedures were per- 
formed. The immunosuppressive protocol for CAD kidney-liver 
or LUR recipients was similar to that described above for CAD 
kidney recipients. 

For treatment of acute rejection, recipients of LRD, CAD, or 
LUR renal allografts received a prednisone taper 
(2 mg™'-kg~'-d-' with induction-type taper) or methylpred- 
nisolone sodium succinate (Solu-Medrol) bolus (500 mg/d for 
3 days) followed by a 7-day course of ALG (20 mg™':kg~'-d~") or 
OKT3 (5 mg/d) for episodes of rejection refractory to steroid 
treatment. Kidney-pancreas recipients received a high-dose 
prednisone taper (2.0 mg~!:kg~'-d-') and ALG or OKT3 (7 to 
10 days) for all rejection episodes. 


antimicrobial Prophylaxis 

One dose of intravenous cefuroxime sodium (1.5 g in adults 
and 50 mg/kg in children) was administered preoperatively (on 
induction of anesthesia) for systemic bacterial prophylaxis in all 
renal transplant recipients. Kidney-pancreas transplant recipi- 
ents received intravenous imipenem-cilastatin sodium (500 mg) 
and vancomycin hydrochloride (1 g) for systemic bacterial pro- 
phylaxis, and this was continued for 5 days postoperatively. In- 
traoperative bladder and superficial and deep wound irrigation 
with cephalothin solution (1 g/L) was performed in all recipients. 
Kidney-liver and kidney-pancreas recipients also underwent 
similar intraoperative wound irrigation with amphotericin B so- 
lution (10 mg/L). Postoperative nystatin (Mycostatin) or clotrim- 
azole (510° U four to five times per day) was administered 
orally for 6 months to all patients to reduce fungal colonization 
of the gastrointestinal tract. This was continued for an additional 
6 months following the treatment of an episode of sepsis or re- 
jection. Trimethoprim-sulfamethoxazole (one double-strength 
tablet per day) was administered orally to all patients postoper- 
atively unless an allergy to sulfa was clearly documented. For 
prophylaxis of viral diseases, acyclovir was administered orally 
to some patients during the period of this study, initially as part 
of a randomized, placebo-controlled study. Some patients also 
received acyclovir subsequent to this study in an attempt to re- 
duce the overall incidence of cytomegalovirus (CMV) INF. More 
recently, a randomized, controlled trial comparing prophylactic 
oral acyclovir with prophylactic parenteral ganciclovir and CMV 
hyperimmune globulin has been initiated. 


Diagnosis of INF and Antimicrobial Therapy 


Surveillance cultures of blood, urine, sputum, open wounds, 
the nasopharynx, peritoneal catheter drainage, and drainage 
sites were obtained preoperatively in all patients. Postopera- 
tively, cultures of blood, sputum, abdominal drains, urine, and 
wounds for bacterial, fungal, and viral pathogens were obtained 
when an INF was suspected or the patient was readmitted for 
possible antirejection therapy. Ophthalmologic examinations to 
rule out CMV or fungal endophthalmitis were performed when 
systemic viral or fungal INF was suspected. 

Specimens for aerobic and anaerobic bacterial cultures were — 
initially placed in Columbia broth and analyzed with the Bactec 
660 System (Johnston Laboratories, Division of Becton- 
Dickinson, Towson, Md) system. Depending on the initial 
results, further analysis was performed on sheep's blood, Mac- 
Conkey, chocolate, and thioglycolate agars. Specimens for 
anaerobic culture were further analyzed on kanamycin, poly- 
ethylene, and anaerobically reduced sheep’s blood agar. Fungal 
cultures were performed on Sabouraud dextrose agar, mycobi- 
otic agar (Mycosel, DIMED Inc, St Paul, Minn), and inhibitory 
mold agar. Fungal blast cultures were performed in biphasic, — 
brain-heart infusion broth agar bottles. Viral INFs were diag- 
nosed by virus isolation and the enhanced shell vial culture rapid 
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antigen technique. Specimens for CMV rapid antigen determi- 
nation were cultured with fibroblasts for 18 to 36 hours, centri- 
fuged, stained with an immunofluorescently labeled anti-CMV 
specific murine monoclonal antibody, and then examined using 
immunofluorescent microscopic techniques. 

If evidence of dyspnea, hypoxia, or an abnormal chest roent- 
genogram was present, then bronchoscopy was performed and 
a bronchoalveolar lavage specimen was obtained. These speci- 
mens, and biopsy specimens of liver, kidney, or gastrointestinal 
mucosa, were subjected to the above-mentioned bacterial, viral, 
and fungal analysis and also were examined for the presence of 
characteristic CMV inclusion bodies. Specimens obtained via 
bronchoscopy also were stained with methenamine silver to di- 
agnose Pneumocystis carinii INF. 

Empirical broad-spectrum antibiotic coverage was instituted 
when the severity of disease was thought to dictate that 
treatment should be instituted before the availability of the re- 
sults of culture and sensitivity. Antifungal therapy with ampho- 
tericin B (0.35 to 0.6 mg~'-kg~!-d-') or fluconazole (200 mg orally 
twice a day) was used when fungal sepsis was suspected. An- 
tibiotic therapy was instituted and subsequently modified as in- 
dicated by the culture and sensitivity results and the clinical 
course of the patient. In general, an attempt was made to utilize 
nonnephrotoxic antibiotics. Typically, these included a second- 
or third-generation cephalosporin plus metronidazole. Vanco- 
mycin was administered for gram-positive INFs, and dosing ad- 
justments for vancomycin and aminoglycosides were made 
based on determination of serum levels and pharmacokinetic 
analysis. For rapid antigen or culture-proved CMV INFs, ganci- 
clovir was administered intravenously for 14 to 21 days, the 
dosage being adjusted for renal dysfunction. The dosage of gan- 
ciclovir was reduced or the drug was temporarily withheld if 
leukopenia (white blood cell count, <2.5 x 10°/L) or thrombocy- 
topenia (platelet count, <105 x 10°/L) occurred. 


Causes of Graft Loss and Patient Death 


Renal allograft loss was defined as a return to long-term dialysis 
after transplantation, graft removal, or death of the patient, 
whichever came first. Acute rejection as a cause of graft loss oc- 
curred when graft function deteriorated and failed in the pres- 
ence of histologic features consisting of tubulointerstitial infiltra- 
tion by lymphocytes, plasma cells, and eosinophils; endothelial 
swelling with mixed cellular infiltration; and interstitial edema. 
Chronic rejection as a cause of graft loss was defined to occur in 
cases where the typical histologic hallmarks consisting of arterial 
narrowing with concentric fibroblastic thickening, tubular atro- 
phy, interstitial fibrosis, or glomerulosclerosis were identified on 
percutaneous renal allograft biopsy specimens. Alternatively, a 
gradual but relentless deterioration of renal allograft function 
without evidence of obstructive uropathy, renovascular prob- 
lems, cyclosporine toxic reaction, or recurrent disease was also 
considered to be consistent with chronic rejection. Cardiovascu- 
lar causes of death included myocardial infarction, cerebrovas- 
cular accident, congestive heart failure, and cases of sudden 
death at home presumed to be cardiovascular in origin. Infectious 
causes of death included generalized sepsis due to bacterial, viral, 
or fungal organisms, or organ failure due to an infectious agent 
(eg, fulminant hepatic failure). Patient survival statistics included 
all deaths, including those that occurred after graft loss. 


| Statistical Analysis 
Patient and allograft survival rates were calculated using actu- 
arial techniques and compared using the generalized Wilcoxon 
(Gehan) test.*' Individual variables were compared using the x? 
test (univariate analysis). Significant differences were defined to 
occur at P<.05. 


RESULTS 
Incidence and Patient Demographics 


Six hundred four renal transplants were performed be- 
tween June 1987 and September 1990 at the University of 
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Table Latha hrs Disease of Renal Allograft 


Recipients and lysis of Patients Who Did and 
Did Not Suffer Posttransplant Infection — 
Type of All Cases, No Infection, Infection, 
Renal Disease No. (%) No. No. 

Adult mephrotic syndrome 12 (2.0) 6 6 
Alpha 1-antitrypsin 

deficiency 1 (0.2) 0 1 
Alport’s syndrome 13 (2.2) 6 7 
Amyloaosis 1 (0.2) 0 1 
Anaphrlactic purpura 6 (1.0) 0 6 
Anatomic problem 2 (0.3) 1 1 
Berger's IgA-lgG 

nephropathy 12 (2.0) 3 9 
Congenital nephrotic 

syndrome 8 (1.3) 1 7 
Cortica necrosis 4 (0.7) 1 3 
Diabetic glomerulosclerosis 259 (42.9) 81 178 
Glomerulonephritis 74 (12.3) 33 41 
Goodpasture’s syndrome 4 (0.7) 1 3 
Hemolytic uremic 

syndrome 6 (1.0) 2 4 
Hypoplasia 11 (1.8) + 7 
Interstifial nephritis 5 (0.8) 2 3 
Lupus mephritis 12 (2.0) 5 7 
Malignant hypertension 6 (1.0) 3 3 
Malignant neoplasm 2 (0.3) 0 2 
Medullary cystic disease 3 (0.5) 1 2 
Nephrosclerosis 16 (2.6) 9 7 
Obstructive uropathy 53 (8.8) 15 38 
Oxalosis 4 (0.7) 1 3 
Polycystc kidney disease 33 (5.5) 13 20 
Pyeloneohritis 10 (1.7) 2 8 
Wegener's granulomatosis 1 (0.2) 0 1 
Other renal disease 23 (3.8) 11 12 
Unknown 23 (3.8) 12 11 
Total 604 (100) 213 391 


Minnescta Hospital and compose the population on 
which this analysis was performed. The distribution of pri- 
mary renal disease of renal allograft recipients and an anal- 
ysis of petients who did and did not suffer a posttransplant 
INF are demonstrated in Table 1. Of 604 renal transplan- 
tations performed, 213 patients (35.3%) remained INF free 
while 39” (64.7%) suffered an INF. The four largest groups 
of patients for whom renal transplantations were per- 
formed mcluded recipients whose underlying diseases 
were diabetic glomerulosclerosis (259 [42.9%]), glomeru- 
lonephritis (74 [12.3%]), obstructive uropathy (53 [8.8% ]), 
and polycystic kidney disease (33 [5.5%]). The incidence 
of posttransplant INF for patients with diabetic glomeru- 
loscleros's, glomerulonephritis, obstructive uropathy, 
and polycystic kidney disease was 68.7% (178/259), 55.4% 
(41/74), 71.7% (38/53), and 60.6% (20/33), respectively. 
Overall, these four categories of primary renal disease ac- 
counted “or a total of 276 (70.6%) of 391 cases of INF. 
The demographic characteristics of renal allograft re- 
cipients in whom INF developed or who remained INF 
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Table 2.—Demographic Characteristics of Renal 
Allograft Recipients Who Suffered Infection or 
Remained Infection Free in Posttransplant Period* 


No 
infection 


36.8+15.8 34.6+16.5 >.10 







Variable Infection 













Mean(+1 SD) age, y 
Age at transplantation, No. 



























<18 y 27 61 
18-50 y 140 265 >.10 
>50 y 46 65 


Type of dialysis at 
transplantation 


Hemodialysis 141 228 
Peritoneal dialysis 26 66 >.10 
None 38 77 
Recipient sex (257 F; 347 M) 
M 150 197 
F 63 gag. 2 een 


Transplant source 
Cadaveric or living-enrelated 


donor 105 264 <.0001 


Living-related donor 108 127 

Previous transplant 
None 171 302 ~ 10 
One or more 42 89 


Patients treated for rejection 


None 148 166 

=>1 episode 65 225 = RUNN 
Diabetes 

Yes 81 178 

No 132 n PY 
Type of transplant 

Kidney alone 202 316 

Kidney + pancreas 10 72 

Kidney + liver 1 J; PANOR 

Kidney + islet 0 1 





*Except for age, values are number of patients. Variables were an- 
alyzed in univariate fashion. 


free in the posttransplant period were evaluated, and the 
results are given in Table 2. There was no statistically sig- 
nificant difference between patients in whom INF did and 
did not develop for the variables of age at transplantation 
(mean age or stratified age range, <18, 18 to 50, >50 
years), type of dialysis before transplantation, previous 
transplantation, or the presence or absence of diabetes. In 
contrast, we found INF to be more frequent in recipients 
of CAD or LUR renal transplants (264/369 [71.5% ]) vs LRD 
transplants (127/235 [54.0%]; P<.0001) and in patients 
who were treated one or more times for rejection episodes 
(P<.0001). An association of INF with more doses of ALG 
(3.7 vs 1.9 doses; P= .0002) or OKT3 (1.2 vs 0.32; P = .0001) 
was also demonstrated. The type of transplant was also 
found to correlate with INF. Recipients of kidney- 
pancreas transplants had an INF rate of 88% (72/82) vs 
61.0% (316/518) for recipients of kidney transplants alone 
(P<.0001). 

Interestingly, recipient sex was found to correlate 
with posttransplant INF (Table 2). Of 604 transplants, 
347 (57.5%) were in male and 257 (42.5%) in female 
recipients. Posttransplant INF occurred in 56.8% 
(197/347) of male and 75.5% (194/257) of female patients 
(P<.0001). This difference could not be explained 
solely by transplant source or transplant type. Female 
patients received 42.6% of all transplants, 44.4% 
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Table 3.—Analysis of Isolated and Multiple _ 
(Concurrent and Sequential) Infections in Pediatric, 
Adult, and Elderly Renal Transplant Recipients* 


Age at Transplantation, y 





Total, All 
Age Groups 


Type of 
Infection <18 





18-50 >50 
























None 27 (4.5) 140 (23.2) 46 (7.6) 213 (35.3) 
Bacterial (B) 31 (5.1) 56 (9.3) 10 (1.7) 97 (16.1) 
Viral (V) 3 (0.5) 34 (5.6) 16 (2.6) 53 (8.8) 
Fungal (F) 2 (0.3) 25 (4.1) 7 (1.2) 34 (5.6) 
B+V 9(1.5) 27 (4.5) 10 (1.7) 46 (7.6) 
B+F 9 (1.5) 48 (7.9) 9 (1.5) 66 (10.9) 
V+F 0 20 (3.3) 0 20 (3.3) 
B+V+F 6 (1.0) 48 (7.9) 10 (1.7) 64 (10.6) 
F+ parasitic (P) 1 (0.2) 1 (0.2) 0 2 (0.3) 
B+V+P 0 1 (0.2) 0 1 (0.2) 
V+F+P 0 1 (0.2) 0 1 (0.2) 
B+V+F+P 0 4 (0.7) 3 (0.5) 7 (1.2) 
Total 88 (100) 405 (100) 111(100) 604 (100) 





*Values are number (percent). 


(164/369) of CAD/LUR and 39.6% (93/235) of LRD trans- 
plants (P=.2732). Thirty-seven (45.1%) of 82 kidney- 
pancreas transplantations were performed in female 
patients (vs 45/82 [54.9%] in male patients), and female 
patients received 41.9% (217/518) of renal transplants 
alone (vs 58.1% [301/518] in male patients; P=.1643). 
Among the 518 kidney-alone transplant recipients, INF 
occurred in 61.0% (316/518) of patients overall (71.9% 
[156/217] female vs 53.2% [160/301] male _patients; 
P<.0001). For the 82 simultaneous kidney-pancreas 
transplant recipients, INF occurred in 87.8% (72/82) of 
patients overall (97.3% [36/37] female vs 80.0% [36/45] 
male patients; P<.041). Thus, posttransplant INF oc- 
curred more frequently following combined kidney- 
pancreas than kidney transplantation alone, and female 
patients consistently had higher rates of INF even 
though they received a nearly constant percentage of 
total, CAD/LUR, LRD, and simultaneous kidney- 
pancreas transplants that were performed. 

An analysis of isolated and multiple (concurrent and 
sequential) INFs in pediatric (<18 years), adult (18 to 50 
years), and elderly (>50 years) renal transplant recipients 
is given in Table 3. Bacterial INFs (all episodes combined) 
were found to decrease with increasing recipient age (62% 
vs 45% vs 38%; P=.0018). In contrast, viral INFs (all ep- 
isodes combined) were found to increase in older recipi- 
ents (20% vs 33% vs 35%; P=.0493). Fungal INFs were 
found to be most frequent in the 18-to-50-year age group 
(21% vs 36% vs 26%; P = .0051), and this pattern correlated 
with a higher incidence of diabetes in this age group. Al- 
though the incidence of INF in the diabetic patient pop- 
ulation was not increased relative to nondiabetic patients 
(178/266 [66.9%] vs 213/338 [63.0%]; P>.05), diabetic pa- 
tients were found to suffer more INFs with multiple 
pathogens. One hundred thirteen episodes of multiple 
(concurrent and sequential) and 65 episodes of isolated 
INF occurred in diabetic patients, while 94 multiple and 
119 isolated episodes of INF occurred in nondiabetic 
recipients (P<.05). 
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Fig 1.—Patient and renal allograft survival (actuarial method) fol- 
lowing cadaveric (CAD) and living-unrelated (LUR; n=369) or 
living-related (LRD; n= 235) renal transplantation. One- and 3-year 
patient survival rates were 91% and 86%, respectively, vs 96% and 
94%, respectively, for CAD and LUR vs LRD (P=.0049); graft survival 
rates were 82% and 73% for CAD and LUR vs 90% and 85% for LRD 
(P=.0007) at 1 and 3 years, respectively. 


Effect of Posttransplantation INF on Patient 
and Allograft Survival 


An analysis of patient and renal allograft survival was 
performed (percentage, actuarial method) and analyzed 
for transplant type (CAD/LUR vs LRD recipients) and for 
the presence or absence of INF (bacterial, viral, and fun- 
gal) by transplant type. One- and 3-year patient survival 
for LRD (96% and 94% [n = 235]) and CAD/LUR (91% and 
86% [n=369]) renal allograft recipients was found to be 
significantly different (P=.0049; Fig 1, top). Renal al- 
lograft survival (1- and 3-year) was also found to be sig- 
nificantly higher for recipients of LRD (90% and 85%) vs 
CAD/LUR renal allografts (82% and 73%; P = .0007; Fig 1, 
bottom). For all cases, recipients who suffered no INF in 
the posttransplantation period had higher patient sur- 
vival rates (Fig 2, top) at 1 and 3 years (97% and 92% 
[n= 213)) after transplantation vs those patients who suf- 
fered INF (92% and 88% [n=391]; P= 0191). An analysis 
of renal allograft survival for all cases revealed similar 
findings. Patients who suffered no INF exhibited 1- and 
3-year renal allograft survival rates of 91% and 81%, 
respectively. In contrast, patients who suffered INF in the 
posttransplantation period exhibited diminished 1- and 
3-year renal allograft survival rates of 83% and 76%, 
respectively (P = .0815; Fig 2, bottom). 
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Fig 2.—Patient and renal allograft survival (actuarial method) in re- 
cipients who did (n=391) and did not (n=212) suffer a posttrans- 


plantation bacterial, viral, or fungal infection. One- and 3-year pa- 4 


tient survival rates were 92% and 88%, respectively, for those with 
infection vs 97% and 92%, respectively, for those without infection 
(P=.0191); graft survival rates were 83% and 76% for those with in- 
fection vs 91% and 81% for those without infection (P=.0815) at 1 
and 3 years, respectively. 


Wher the results of patient and renal allograft survival 
in the presence and absence of posttransplant INF were 
further analyzed with regard to transplant source (Figs 3 
and 4), a significant improvement in 1- and 3-year patient 
survival was noted for CAD/LUR recipients who suffered 
no INF (n= 105; 1- and 3-year graft survival rates of 98% 
and 88%, respectively) vs CAD/LUR recipients who suf- 
fered INF (89% and 86% [n= 264]; P= .0320; Fig 3, top). 
For LRD recipients, however, no significant difference in 
patient survival was demonstrated in recipients who did 
and did not suffer INF (P = .8647; Fig 4, top). Analysis of 
renal allograft survival in the presence and absence of INF 
for CAD/LUR and LRD recipients revealed that graft sur- 
vival in the presence or absence of INF was not statistically 
different (Figs 3 and 4, bottom). 

An analysis of 1- and 3-year patient and renal allograft 
(Table 4) survival was performed according to the pres- 
ence or absence of a bacterial, viral, or fungal INF for 
CAD/LUR and LRD recipients. Statistically significant 
differences in patient survival occurred in recipients of 
CAD/LUR renal allografts who did and did not suffer a 
bacterial INF (P=.0037), viral INF (P=.0105), or fungal 
INF (P= .0002; Table 4). In contrast, no significant differ- 
ence in patient survival was found for LRD recipients who 
did or did not suffer a posttransplantation bacterial, viral, 
or fungal INF (Table 4), nor were significant differences in 
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Fig 3.—Patient and renal allograft survival (actuarial method) in re- 
cipients of cadaveric and living-unrelated renal allografts who did 


_ (n=264) and did not (m= 105) suffer a posttransplantation bacterial, 


viral, or fungal infectian. One- and 3-year patient survival rates were 
89% and 86%, respectively, for those with infection vs 98% and 88%, 
respectively, for those without infection (P=.0320); graft survival 
rates were 81% and 71% for those with infection vs 87% and 76% for 
those without infection (P =.4326) at 1 and 3 years, respectively. 


renal allograft survival found for CAD/LUR or LRD recip- 
ients who did or did not suffer a posttransplantation bac- 
terial, viral, or fungal INF (Table 4). 


Causes of Allograft Loss 
and Patient Death 


An analysis of the causes of graft loss by the presence 
or absence of posttransplant INF and the type of INF was 
performed (Table 5). There were no significant differences 
in the distribution of the causes of graft loss between re- 
cipients of CAD/LUR vs LRD renal allografts who did or 
did not suffer a posttransplant INF (data not shown). For 
the major causes of graft loss in patients who suffered INF 
(acute rejection [n=9], chronic rejection [n=15], 
rejection-INF [n=9], and death [n=19]), no specific cor- 
relation with type of INF (bacterial, viral, fungal) could be 
definitively determined. 

An analysis of the causes of death by presence or 
absence of posttransplant INF and the type of INF was 
performed (Table 5). A total of 37 patients with posttrans- 
plant INF died in the period of follow-up. Nineteen 
patients with INF were determined to have lost their graft 
due to death (death with a functioning graft). Thus, an 
additional 18 patients died following graft loss. Overall, 
the causes of death were varied but included sepsis in 19 
of 37 cases (four viral, two fungal, 13 mixed). The distri- 
bution of causes of death ~other than sepsis) in patients 
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Fig 4.— Patient and renal allograft survival (actuarial method) in re- 
cipients of living-related renal allografts who did (n= 127) and did 
not (n= 108) suffer a posttransplantation bacterial, viral, or fungal 
infection. One- and 3-year patient survival rates were 96% and 93%, 
respectively, for those with infection vs 97% and 97%, respectively, 
for those without infection (P = .8467); graft survival rates were 87% 
and 84% for those with infection vs 94% and 85% for those without 
infection (P =.3219) at 1 and 3 years, respectively. 


who did and did not suffer INF was equivalent. No cor- 
relation between type of INF and cause of death could be 
definitively determined. 


COMMENT 


Despite three decades of substantial improvements 
in overall patient and allograft survival following renal 
transplantation,’*° posttransplant INF remains a major 
cause of morbidity and early mortality in the posttrans- 
plantation period." The present study confirms that 
posttransplant INFs are the most frequent cause of 
death following renal transplantation. The association 
of posttransplant INF with rejection and an increased 
rate of allograft loss was also demonstrated in the 
present analysis. Thus, this confirms previous findings 
from our institution. Of 518 consecutive renal trans- 
plantation procedures performed at the University of 
Minnesota Hospital and reported in 1982, INFs were 
reported to result in death in 7% of these patients.” 
Twenty-seven of the 32 patients who had INFs died 
within the first 6 months of transplantation. 

Most important and life-threatening INFs tend to occur 
in the first 4 months after transplantation. 11612128 Peter- 
son et al% noted that 64% (125/194) of all febrile episodes 
occurring after renal transplantation were observed 
within 14 to 120 days after transplantation. Infection in 
organ transplant recipients probably is related to the cu- 
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Table 4.—Analyis of Patient and Allograft Survival 
(Actuarial Method) at 1 and 3 Years After Transplant 
in Recipients of Cadaveric (CAD) and Living-Unrelated 
(LUR) or Living-Related (LRD) Renal Transplants 
by Infection (INF) Type* 


CAD/LUR 







Type of INF 







ly 3y 
Patient Survival, % 

No bacterial INF 97 90 97 
Bacterial INF 87 
No viral INF 
Viral INF 
No fungal INF 96 
Fungal INF 




















Allograft Survival, % 


No bacterial INF 86 79 93 86 
Bacterial INF 79 68 86 80 
No viral INF 85 76 91 85 
Viral INF 78 67 90 85 
No fungal INF 84 92 87 
Fungal INF 79 


*For patient survival, statistically significant differences occurred 
in recipients of CAD/LUR renal allografts who did vs who did not 
suffer a bacterial infection (P = .0037), viral infection (P= .0105), or 
fungal infection (P= .0002). No significant difference was found in 
LRD recipients who did vs who did not suffer a bacterial, viral, or 
fungal infection. For allograft survival, no significant difference was 
found for CAD/LUR or LRD recipients who did vs who did not suf- 
fer an infection. 


mulative effect of immunosuppressive therapy over 
time." In addition, posttransplant INFs require a suscep- 
tible host and exposure to microbial pathogens.” It is well 
established that posttransplant bacterial INFs occur pri- 
marily in the first month following transplantation. In- 
fection with CMV also plays a major role during the first 
8 to 12 weeks after transplantation.” In the first month 
after transplantation, opportunistic (fungal, Nocardia, and 
protozoa) INFs are almost nonexistent. Thus, the major 
causes of INF during the early posttransplantation period 
are wound, pulmonary, urinary tract, and catheter- 
related INFs. 

The most important factors in the occurrence of early 
INF of the wound are technical in nature. In 439 cases of 
kidney transplantation reported from the University of 
Minnesota Hospital, the incidence of wound INF was 
6.1%.” However, if one excluded those INFs secondary to 
hematoma or urinary fistula, then the incidence of wound 
INF fell to 1.6%. All of these were superficial INFs. This 
is consistent with a wound INF rate noted for nonimmu- 
nosuppressed patients. The role of prophylactic systemic 
antibiotics in the prevention of wound INF has been 
clearly substantiated.‘ A decrease in the incidence of 
wound INF from 25% in 1972 to 2% after 1976 was attrib- 
uted to the use of a single high dose of broad-spectrum 
antibiotic. In the present study, all patients received pro- 
phylactic perioperative antibiotics. 

A variety of approaches have been utilized to prevent 
infectious complications following organ transplantation 
and institution of immunosuppressive therapy. Unfortu- 
nately, there are few prospective, randomized, double- 
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*Simultaneous or sequential episodes of bacterial, viral, or fur 


infections occurred in some patients. There was no signifi 
difference in the causes of graft loss or of death between recipi 
of cadaveric or living-unrelated vs living-related renal allografts. 


blind trials examining the efficacies of these approact 
One of the most extensively studied antibacterial prop 
lactic measures used in organ transplantation has been 
routine use of trimethoprim-sulfamethoxazole. Trims 
oprim-sulfamethoxazole has been shown to reduce | 
rates in granulocytopenic leukemic and other neutrope 
patients with cancer.» The use of trimethopr 
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sulfamethoxazole remained empirical until a randomized 
prospective trial demorstrated that one double-strength 
trimethoprim-sulfamethoxazale tablet daily was associ- 
-ated with a fourfold decrease in the incidence of urinary 
tract INFs.* Prophylactic trimethoprim-sulfamethoxazole 
has been administered routinely to renal transplant recip- 
ients at the University of Minnesota Hospital since 1979. 
Routine administration of trimethoprim-sulfameth- 
oxazole after transplantation is continued indefinitely and 
has reduced the frequency and morbidity of urinary tract 
INFs as wellas infectious mortality due to sensitive oppor- 
tunistic organisms such as Pneumocystis, Nocardia, Listeria, 
and Toxoplasma. The routine use of two double-strength 
trimethoprim-sulfamethoxazele tablets has also been 
demonstrated significantly to reduce posttransplantation 
hospital days with fever, to result in fewer bacterial INFs 
after removal of the bladder catheter, and to reduce the 
incidence of INF after discharge from the hospital. ’* No ap- 
preciable increase in colonization with trimethoprim- 
sulfamethoxazole-resistant erganisms has been docu- 
mented following routine trimethoprim-sulfameth- 
oxazole administration. Interestingly, these studies 
showed that Candida colonization was less frequent in the 
trimethoprim-sulfamethoxazole-treated group, probably 
reflecting less frequent broad-spectrum antibiotic usage in 
that group. 

The recent availability of antibacterial second- and 
third-generation cephalosporins, extended-spectrum 
penicillins, monobactams, quinolones, carbapenems, and 
azole class antifungal agents has probably contributed to 
a reduction in mortality secondary to infectious compli- 
cations after transplantation. Intraoperative systemic and 
topical antibiotics have been shown to reduce wound INF 
rates to approximately 1%. It should be noted that the 
protective effects of intraoperative antibiotics are lost 
when Penrose drains are left in the wound.” Thus, this 
practice is not carried out at our center, even in retrans- 
plantation situations. The frequent finding of identical 
organisms in infected urine and wounds suggests that the 
urinary tract may be an impertant source for nonstaphy- 
lococcal wound INFs after transplantation. Bladder irri- 
gation with an antibio-ic solution is carried out routinely 
at the University of Minnesota Hospital. This may further 
reduce the incidence of wound INF, but this has not been 
studied in a randomized fasnion. 

Human CMV remains a leading cause of infectious 
complications following renal transplantation. In recent 
studies at the University of Minnesota Hospital, we dem- 
onstrated that 50% of rena! transplant recipients shed 
CMV in the posttransplantation period, while 18% dem- 
onstrate overt CMV disease.*” An analysis of CMV INFs 
in the present series revealed that 253 sites of CMV INF 
were identified in the posttransplantation period. In con- 
trast, 272 gram-positive bacterial INFs were identified in 
the same patient population. Thus, CMV INF was not the 
most frequent cause of infectious complications following 
renal transplantation in the present series. The higher in- 
cidence of gram-positive bacterial INFs may be related to 
the routine use of catheters for central venous monitoring 
and routine phlebotomy in the posttransplantation pe- 
riod. Twenty-seven catheter and 42 blood INFs with 
gram-positive organisms were documented in the present 
study (data not shown). 

The substantial morbidity and mortality resulting from 
CMV INF, particularly in association with other patho- 


Arch Surg—Vol 127, January 1992 





gens, has prompted a search for an effective means for 
preventing posttransplant CMV INFs. Cytomegalovirus 
INFs after transplantation may occur from three 
sources.®02!3 A primary INF may occur in a previously 
uninfected recipient following inoculation of virus either 
from the graft or from the transfusion of infected blood 
products in the peritransplantation period. Reactivation 
of CMV may occur when a previously infected patient 
harbors a latent virus and is subsequently immunosup- 
pressed following transplantation. The third route of INF, 
whereby recipients with previous CMV INF experience 
subsequent INF, occurs when a superinfection occurs 
with a different strain of CMV acquired from the graft or 
blood products. Restriction endonuclease analysis con- 
firms that this can occur. The most effective means for 
preventing primary CMV INF is donor selection. Vacci- 
nation trials using the attenuated Towne strain of CMV 
demonstrated that adequate cellular responses to the 
vaccine in normal and uremic patients occur and that im- 
mune responsiveness to the vaccine persists in most pa- 
tients following transplantation. However, no difference 
in the incidence of CMV INF or disease between vacci- 
nated and placebo-treated controls was demonstrated. In 
contrast, the severity of CMV disease was significantly 
decreased in seronegative recipients following vaccina- 
tion. One- and 5-year CAD renal allograft actuarial 
survival rates were improved for CMV vaccinees vs con- 
trol patients, suggesting a relationship between INF and 
graft loss in yet another series.° 

Chemoprophylaxis of CMV and other herpesvirus INFs 
has been the focus of many recent investigations.”*"° The 
incidence of herpes simplex virus reactivation and vari- 
cella zoster virus INF is suppressed by prophylactic oral 
acyclovir. A double-blind, placebo-controlled study at the 
University of Minnesota Hospital confirmed the fact that 
administration of oral acyclovir after transplantation is 
capable of suppressing posttransplantation herpes sim- 
plex virus, varicella zoster virus, and CMV INFs.’ An 
acyclovir derivative (ganciclovir) is currently under in- 
vestigation at the University of Minnesota Hospital for the 
prophylaxis of CMV INF. Indeed, this agent has proved 
to be quite efficacious in the treatment of invasive CMV 
disease in solid-organ transplant recipients.” Most re- 
cently, the simultaneous treatment of rejection and CMV 
INF has been carried out, and concurrent antirejection 
therapy during treatment for CMV with ganciclovir ap- 
pears promising. The simultaneous treatment of rejection 
and CMV INF should prove helpful for graft salvage in 
patients presenting with both CMV INF and graft rejec- 
tion within the first 8 to 12 weeks after transplantation. 

Fungal pathogens are common after solid-organ trans- 
plantation. The most common primary fungal disease in 
our series was Candida, with aspergillosis comprising only 
a small percent of the isolated fungal organisms. We cur- 
rently prevent overgrowth of Candida in the oropharynx 
and gastrointestinal tract with topical nystatin. A strong 
clinical impression exists that thrush or candidal esoph- 
agitis can be effectively prevented in this way. Although 
the efficacy of the addition of antimicrobial agents to la- 
vage fluid is not clearly proved, we routinely lavage the 
abdominal cavity with 6 to 8 L of cephalosporin and 1 to 
2 L of amphotericin B-containing solution. 

In this study, we performed a univariate analysis to 
determine which recipient demographic features were 
associated with the presence or absence of posttransplant 
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INF. No association was determined for recipient age 
range or mean age, type of dialysis before transplantation, 
or the presence or absence of diabetes or a previous 
transplant. In contrast, an increased incidence of post- 
transplant INF was documented for the variables of 
transplant source (CAD or LUR grafts), for the presence 
of one or more rejection episodes, for kidney-pancreas 
graft recipients, and for female recipients in general. It has 
been previously demonstrated that recipients who re- 
quire more immunosuppressive therapy have a higher 
likelihood of suffering more numerous and life- 
threatening posttransplant INFs.68913-16,19,21-23,32 In our se- 
ries, CAD and LUR renal allograft recipients received an 
immunosuppressive induction regimen that included 
7 days of therapy with ALG or OKT3. Moreover, kidney- 
pancreas recipients received 14 days of induction therapy 
and also had a higher number of rejection episodes that 
required further immunosuppressive treatment. Thus, 
the findings of an increased incidence of INF in CAD/LUR 
kidney and kidney-pancreas recipients with ALG or 
OKT3 administration was not surprising. 

The observation that recipient sex correlated with post- 
transplant INF, however, was unexpected. In our analy- 
sis, posttransplant INF occurred in 75.5% of female and 
56.8% of male recipients. This result was not explained by 
disparity in transplant types or transplant source when 
the aforementioned variables were analyzed by gender. 
Posttransplant INF occurred more frequently following 
combined kidney-pancreas than renal transplantations 
alone, and female patients had higher rates of INF even 
though they represented a similar proportion of recipients 
in the respective CAD/LUR, LRD, or kidney-pancreas re- 
cipient groups. Since our analysis was univariate, 
whether the higher incidence of INF in female patients is 
linked to other variables, such as an increased incidence 
of rejection, cannot be determined. 

In this study, actuarial patient and renal allograft 
survival was analyzed in detail and found to be signif- 
icantly higher for recipients of LRD vs CAD/LUR 
grafts. Posttransplant INF had a negative impact on 
rates of both patient and renal allograft survival in both 
groups. Patient survival for recipients of CAD/LUR 
grafts suffered in the presence of a bacterial, viral, or 
fungal INF. All patients in this series received cyclo- 
sporine as part of their posttransplantation mainte- 
nance immunosuppressive regimens. The number of 
posttransplant bacterial and viral INFs has been docu- 
mented to decrease following the institution of regi- 
mens that include cyclosporine.!351519212533 Jn the 
present analysis, recipients of CAD grafts who received 
induction ALG or OKT3 and triple therapy were ob- 
served to have significantly higher rates of INF than 
recipients who received triple therapy alone. In fact, 
our data would support the contention that aggressive 
induction and antirejection immunosuppressive ther- 
apy with ALG or OKT3 may actually negate some of 
the improvements in posttransplant INF rates observed 
for regimens that rely heavily on cyclosporine. +8 

In conclusion, our study indicates that posttransplant 
INF persists as a major source of morbidity and mortality 
in the quadruple immunosuppression era despite efforts 
to provide specific prophylaxis for certain common patho- 
gens. Infection remains the major cause of patient death 
in the posttransplant period. A major challenge for the 
transplant community in the next decade will be to 
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emplcy more selective and less toxic immunosuppressive 
therapy to prevent allograft rejection while avoiding glo- 
bal nonspecific immunosuppression. The development of 
preemptive therapeutic immunologic enhancement pro- 
tocols to avoid highly morbid opportunistic INFs also 
clearly is needed. 
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Discussion 


J. WESLEY ALEXANDER, MD, Cincinnati, Ohio: The data really 
didn’t give us too many surprises, except perhaps the observa- 
tion that there was a censiderably higher incidence of infection 
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in females, which I don’t recall being speci pointed out in 
other such studies. This was to the extent of an overall infection 
rate of 75% in women compared to 57% in men, and in the 
kidney/pancreas transplant, it was a startling 97% in females 
compared to 80% in males. I wonder if you could explain this 
difference in occurrence. 

The study emphasizes that the intensity of nonspecific immu- 
nosuppression relates directly to the incidence of infectious 
complications, which in turn takes its toll on mortality and con- 
sequent graft survival. As the authors point out, this indicates 
dramatically the obvious need for more selective immunosup- 
pression and antigen-directed tolerance induction. 

There are some specific questions regarding the study. You 
gave 5 days of imipenem and vancomycin for prophylaxis in 
your kidney/pancreas recipients. Is there any evidence that 
this regimen is effective over single-dose regimens, which 
many of us use? Also, is there any evidence that topical 
amphotericin was beneficial? Are there any prospective clini- 
cal trials on that? Have you evaluated pentamidine inhalation 
vs Bactrim for Pneumocystis prophylaxis? Finally, as a further 
index of the d of immunosuppression, what was your 
incidence of lymphoproliferative disease in this particular co- 
hort of patients? 

CHRISTOPHER JOHNSON, MD, Milwaukee, Wis: I have a cou 
ple of questions. We did recently have a case of pentamidine 
breakthrough and Pneumocystis pneumonia in a patient who 
was receiving pentamidine treatment at therapeutic doses as 
an outpatient. So we have had a case of breakthrough on 
pentamidine. 

My question related to aspergillosis actually. Most of these in- 
fections can be broken down into the potentially lethal, which 
are aspergillosis and lymphoproliferative disorder, if you view 
that as an infection. Most of the infections are more or less nui- 
sance infections which patients really don’t die from anymore, 
including CMV. I wondered if you looked more in depth at your 
outcome in the aspergillosis patients and whether you are iden- 
tifying any factors that were predictive there. For example, what 
predicted the incidence of aspergillosis, and have you identified 
any new treatment regimens for aspergillosis? 

ROBERT J. STRATTA, MD, Omaha, Neb: I was wondering in 
your cohort of cadaver kidney transplant recipients if you have 
been able to identify any high-risk groups for infection. For in- 
stance, since you imply that there is certainly a correlation 
between rejection and infection, did you look at panel reactive 
antibodies or HLA match and see if there were high-risk groups 
for infection. There was one study, I believe from Pittsburgh, in 
kidney transplants that showed a high mortality and increased 
risk of infections just with obesity. Did you look at body weight? 
In addition, did you look at other mundane things such as op- 
erating time or blood transfusion requirement? 

ALBERT T. MCMANUS, PHD, Fort Sam Houston, Tex: I have a 
comment and a question about the bacterial effects of the 
prophylactic use of trimethoprim-sulfamethoxazole against 
Pneumocystis. We have found in our burn ICU that the prophy- 
lactic use of another sulfonamide-containing drug (sulfadiazine 
silver) can be complicated by the accumulation of multiply resis- 
tant gram-negative organisms containing transferable plasmids 
expressing resistant synthetase genes. These plasmids often can 
cotransfer clinically significant resistant mechanisms such as 
aminoglycoside and f-lactam-inactivating enzymes. Are you 
selecting and maintaining a bacterial problem with the prophy- 
lactic use of trimethoprim-sulfa? 

DR BRAYMAN: Dr Alexander asked about the increased inci- 
dence of infection in females. I must say that we were taken 
somewhat by surprise when we analyzed the data and obtained 
this result. At first, we thought that this may be related to a 
higher number of females in the group that received simulta- 
neous pancreas-kidney transplants, but this did not turn out to 
be so. A similar percentage of females was noted for patients that 
received cadaver transplants alone, that is, kidneys alone and 
simultaneous pancreas-kidney transplants. This issue is ad- 
dressed in our manuscript. With this information in miad ho 
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ever, we intend to go back and reanalyze the data with regard 
to such issues as number of rejection episodes in females; doses 
of ALG, and so forth. There is some precedent for increased re- 
jection episodes in female recipients and in organs from female 
donors. I believe this data came from the UCLA Renal Transplant 
Registry. Female recipients have been documented to have more 
rejection episodes in some series. Moreover, rejection in females 
can require more intensive treatment to control this vigorous 
immunologic response. 

The use of prophylactic vancomycin and imipenem in kidney- 
pancreas recipients really represents an evolution in our care of 
these heavily immunosuppressed patients. In the mid 1980s, 
renal-pancreas recipients received similar antibacterial prophy- 
laxis in the perioperative period as recipients of cadaver renal 
transplants alone. The infection rate in renal-pancreas recipients 
was high, and the infections were severe using such a protocol. 
A decision was made to employ prophylactic imipenem in 1987, 
With imipenem bacterial prophylaxis, a number of gram-positive 
infections emerged, and subsequently, in an effort to cover these 
organisms, prophylactic vancomycin was instituted on a routine 
basis. 

With regard to our use of amphotericin topical irrigation fol- 
lowing liver and pancreas transplants, I do not believe that there 
are any raridomized trials to definitively suggest that topical 
amphotericin is efficacious. However, this is done routinely in 


routine in high-risk transplant and general surgery patients. 
Regarding the use of 
sulfamethoxazole for Pneumocystis prophylaxis, all transplant re- 
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sulfamethoxazole, and mote often than not, this purported al- 
lergy is disproven. In an occasional patient that is truly sulfa al- 


transpiantation. This patient received induction therapy with 
OKT3 and then a subsequent 7-day course of antirejection 
therapy. 

Witk regard to Dr Johnson’s questions on aspergillosis, we did 


aspergellosis series at the University of Minnesota is in progress, 
and I refer you to future abstracts or publications from our insti- 
tution *or answers to your insightful questions. 


Dr Siratta asked about preformed antibodies, HLA match, OR ` 


time, and so forth. These were not variables that we looked at 
in this particular study. 


“4 
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tOpen-latal trial. Diflucan 100 to 200 mg/day, “Overall” includes. cases of candidemia, disseminated 
Candidiasis, peritonitis, urinary tract infections, and pneumonia Results reflect complete resoiution 
(clinical cure) or substantial (clinical) improvement of baseline signs and'symptoms of infection 
$0pen-latei, randomized trial. Results reflect cure (CSF culture negative and either absence of disease, 
of disappearance or improving signs/symptoms) and quiescent (CSF culture positive, stable or improving) 
Signs/symptoms). Diflucan, 200 to 400 mg/day or amphotericin B, 0.3 to 0.6 mg/kg/day 
'Multicen= comparative Study. Results reflect successful maintenance without culture-confirmed 
relapse and without toxicity necessitating discontinuance as evaluated at a median of 258 days for 
Diflucan and 140 days for amphotericin B Diflucan, 200 mg/day; amphotericin B, 1 mg/kg/week 
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Excellent clinical efficacy in oropharyngeal, esophageal, 
and systemic candidiasis, and cryptococcal meningitis 
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Extensive penetration to key tissues, organs, and fluids 


Distribution throughout the body approximates that of total body water after oral or IV dosing.” 
Oral bioavailability of Diflucan is >90% and unaffected by agents that increase gastric pH. 
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Excellent clinical safety 
In over 4,000 patients who received Diflucan for at least 7 days, the most common adverse events were 
nausea 3.7% , headache 1.9%, and skin rash 1.8%. 


Rare incidents of serious hepatotoxicity have been reported, but the causal relationship to Diflucan 
is uncertain.” 
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RECOMMENDED DOSAGE: 


INDICATION LOADING DOSE DAILY THERAPY 
OROPHARYNGEAL 

CANDIDIASIS 200 mg 100 mg 
ESOPHAGEAL 

CANDIDIASIS 200 mg 100 mg* 
SYSTEMIC 

CANDIDIAS!S 400 mg 200 mg 
CRYPTOCOCCAL 


MENINGITIS 400 mg 
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(acute) 
CRYPTOCOCCAL 
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(maintenance to 
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200 mg 


“Doses of up to 400 mg/day may be used, based on medical judgment of the patient's response to therapy 


References: 1. Horan TC, Culver D, Jarvis W, et al: Pathogens causing nosocomial infections: Preliminary 
data from the National Nosocomial Infections Surveillance System. The Antimicrobic Newsletter September 


1988:3:2-5. 2. Data available on request from Roerig. 3. 


Brief Summary 


INDICATIONS AND USAGE 


DIFLUCAN (fluconazole) is indicated for the treatment of: 


1. Oropharyngeal and esophageal candidiasis. DIFLUCAN is also effective for the treatment of serious 
systemic candidal infections. including urinary tract infection. peritonitis, and pneumonia 


2. Cryptococcal meningitis. 


Specimens for fungal culture and other relevant laboratory studies (Serology, histopathology) should be 
obtained prior to therapy to isolate and identify causative organisms. Therapy may be instituted before the 
the i 


CONTRAINDICATIONS 


DIFLUCAN (fluconazole) is contraindicated in patents who have shown hypersensitivity to fluconazole or to 


any of its excipients. There is no information regarding cross hypersensitivity between fluconazole and other 
azole antifungal agents. Caution should be used in prescribing DIFLUCAN to patients with hypersensitivity to 


other azoles. 
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Ibuprofen Improves Survival but Does Not Ameliorate 
Increased Gut Mucosal Permeability in Endotoxic Pigs 


Mitchell P. Fink, MD; Krista L. Kaups, MD; Hailong Wang, MD; Heidie R. Rothschild 


è Intravenous lipopolysaccharide (LPS) decreases superior 
mesenteric arterial blood flow and increases ileal mucosal 
permeability in pigs. We tested the hypothesis that these 
phenomena can be ameliorated by pretreatment and post- 


y treatment with ibuprofen. Pentobarbital-anesthetized im- 


mature swine were mechanically ventilated (fraction of in- 
spired oxygen, 0.5) and infused with Ringer’s lactate (RL) so- 
lution (0.8 mL/kg per minute). Animals in group RL (n= 10) 
recieved no other interventions. Animals in group RL+LPS 
(n= 15) were infused with LPS (50 pg/kg) from a time range 
equal to 0 through 60 minutes. Animals in group RL+LPS+ 
ibuprofen (n = 10) were similarly infused with LPS, but in ad- 
dition, they received ibuprofen (10 mg/kg at — 30 minutes 
and 10 mg/kg per hour from — 30 through 210 minutes). In- 
testinal permeability was assessed by measuring plasma-to- 
lumen clearances of two hydrophilic probes (chromium 51— 
labeled edetic acid monohydrate [EDTA] and urea) and by 
expressing the results as a clearance ratio (Cepta/Curea). SUr- 
vival was 100%, 67%, and 100% in groups RL, RL+LPS, and 
_ RL+LPS+ibuprofen, respectively. Among survivors only, 
Ceota/Curea increased significantly over time in both endo- 
toxic groups, but not in nonendotoxic controls. Treatment 
with ibuprofen transiently blocked LPS-induced mesenteric 
hypoperfusion. These data indicate that mediators other than 
cyclooxygenase-derived metabolites of arachidonic acid are 
responsible for the adverse effect of LPS on mesenteric per- 
meability to hydrophilic solutes in this porcine model. 
(Arch Surg. 1992;127:49-54) 


j n experimental animals"? and humans,‘ intravenous ad- 
ministration of lipopolysaccharide (LPS) increases in- 
testinal permeability to various hydrophilic molecules, in- 
cluding lactulose and chromium 51-labeled edetic acid 
monohydrate (*'Cr-EDTA). Although the pathophysiol- 
ogy of this phenomenon remains incompletely under- 
stood, one possible mechanism is ischemic damage to the 
mucosa during acute endotoxicosis. This notion is sup- 
ported by findings from studies that have shown that me- 
senteric arterial blood flow (Qsma) decreases in animals in- 
fused with viable gram-negative bacteria’ or LPS.'*°* The 
concept that the mucosa is injured in sepsis or endotoxi- 
cosis by ischemia is further supported by data that have 
shown that LPS-induced intestinal hyperpermeability is 
abrogated when infusions of hetastarch and dobutamine are 
used to preserve normal Qsma in acutely endotoxic pigs.” 


Accepted for publication September 8, 1991. 
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Multiple mediators probably contribute to mesenteric 
hypoperfusion in acute endotoxicosis. Among the vaso- 
active mediators that are likely to affect Qsma in endo- 
toxicosis are the “prostanoids”; (ie, thromboxane A, and 
other cyclooxygenase-derived metabolites of arachidonic 
acid). This view is supported by the observation that the 
adverse effect of LPS on Qsma is ameliorated in pigs by 
pretreatment with ibuprofen or meclofenamate,*® which 
are two chemically dissimilar cyclooxygenase inhibitors. 
Pretreatment with these agents also diminishes LPS-in- 
duced ileal mucosal acidosis,‘ a finding that further im- 
plicates cyclooxygenase-derived products as mediators of 
gut mucosal ischemia in endotoxicosis. 

Although drugs like ibuprofen have been shown to im- 
prove gut perfusion in short-term studies of endotoxic 
shock, few data are available with regard to the effect of 
these agents on LPS-induced derangements in mucosal 
permeability. Addressing this issue was the goal of the 
present study. 


MATERIALS AND METHODS 


The experiments described herein were performed in adher- 
ence with National Institutes of Health guidelines for the use of 
experimental animals in research. The protocol was approved by 
the institutional review board for animal experimentation at the 
University of Massachusetts Medical Center, Worcester. 


Surgical Procedures 


Male, immature, random-bred Yorkshire pigs (weight range, 
11.6 to 18.0 kg) were anesthetized with intramuscular ketamine 
hydrochloride (7 mg/kg) and intravenous pentobarbital sodium 
(17 mg/kg). A tracheostomy was performed, and the animals were 
ventilated with 50% nitrous oxide and 50% oxygen ata tidal volume 
of 10 mL/kg. Respiratory rate was adjusted to maintain a mean 
(+SE) arterial PCO, at 40+5 mm Hg. Anesthesia was maintained 
with intravenous pentobarbital sodium (1.75 mg/min) and pancu- 
ronium bromide (0.035 mg/min). Heating pads and blankets were 
used to maintain core body temperature at 39.0°C+0.5°C. 

Polyethylene catheters (PE160) were positioned in the inferior 
vena cava and abdominal aorta via bilateral femoral cutdowns. A 
2.5F thermistor-tipped catheter (Edwards Critical Care Division, 
Baxter Healthcare Corp, Irvine, Calif) was advanced into the tho- 
racic aorta via a femoral artery. A 4.0F balloon-tipped catheter 
(Edwards Critical Care Division, Baxter Healthcare Corp) was 
floated into the pulmonary artery via the inferior vena cava. A 
3.0F catheter was introduced into the right atrium via the right 
external jugular vein, exposed by cervical cutdown. 

A midline celiotomy was performed, and a 4- to 6-mm ultra- 
sonic transit-time flow probe (Transonic Systems, Inc, Ithaca, 
NY) was positioned around the superior mesenteric artery, close 
to its origin from the aorta. The probe was connected to a pre- 
viously calibrated flowmeter (Transonic Systems Model T101, 
Transonic Systems, Inc). A PE90 catheter was threaded into the 
superior mesenteric vein via a distal tributary in the mesentery of 
the small intestine. A tonometric catheter (Tonometrics, Inc, 
Worcester, Mass) was positioned in the lumen of the midileum 
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Fig 1.—Systemic hemodynamics and systemic oxygen transport in 
Ringer’s lactate (RL) (open circles), RL+lipopolysaccharide (LPS) 
(closed squares), and RL+LPS+ ibuprofen (closed triangles) groups. 
Top left, bottom left, top right, and bottom right, Mean arterial pres- 
sure (MAP), Q, systemic DO, and systemic VO, respectively. Aster- 
isks indicate P<.05 vs baseline value within the same group; number 
signs, P<.05 vs the time-matched value in the RL+LPS group. 


: via a small antimesenteric enterotomy and secured in place with 

; a purse-string suture. An umbilical tape was tied around the 

bowel a few centimeters distal to the enterotomy for the tonom- 

eter, and a second umbilical tape was similarly placed 20 cm distal 

to the first one. Via small antimesenteric enterotomies, catheters 

| were placed into the lumen of the proximal and distal ends of the 

segment of ileum that was isolated by the umbilical tapes. The 

enterotomies were rendered watertight with purse-string su- 
tures. 


Hemodynamic Measurements 


Mean systemic arterial pressure (MAP) and central venous 

| pressure (CVP) were determined with the use of calibrated 

transducers (Transpac_ II, Sorenson, Abbott Laboratories, 

North Chicago, Ill), driving an amplifier-monitor (Electronics 

for Medicine, Minneapolis, Minn) with digital readout. Car- 

i diac output, indexed to body weight (Q), was measured by 

thermodilution with the use of a computer (Model 9520, Ed- 

wards Critical Care Division, Baxter Healthcare Corp) and 

room-temperature saline solution (3.0 mL) as the injectate. 

The systemic vascular resistance index (SVRI) was calculated 

with the use of the following equation: SVRI = (MAP — CVP)/ 

| Q; Qsma was recorded from the digital readout on the flow- 
meter (Transonic Systems, Inc). 


Calculation of Oxygen Transport 


Oxygen contents (CO,) of blood samples obtained from the 
aorta, pulmonary artery, and superior mesenteric vein were 
calculated according to the following equation: Co, = (Po, x 0.003) 

i +(Hgb x So, x 1.36), where Hgb and So, are hemoglobin con- 

centration and fractional hemoglobin saturation, respectively. 

; The Hgb and So, were determined with the use of a co-oximeter 

| (Model 282, Instrumentation Laboratories, Lexington, Mass). 

| Oxygen tensions (PO,) were determined with the use of a blood 

gas analyzer (Model 1302, Instrumentation Laboratories). Sys- 

temic and mesenteric oxygen delivery (Do,) and uptake (Vo,) 

| were calculated with the use of the following equations: systemic 

| Do,=0.01 x Qx Co, (aorta); systemic Vo,=0.01x rf x [Co, 

(aorta) — Co, (pulmonary artery)]; mesenteric Do, = 0.01 x Ósma 

8 X CO, (aorta); and mesenteric Vo,=0.01 x Qsma x[CO,(aorta)- 
CO,(superior mesenteric vein)]. 
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Fig 2.— Superior mesenteric arterial blood flow (Qsma), mesenteric 
oxygen transport, and ileal intramucosal PH (pH) in Ringer’s lactate 
(RL), RL—lipopolysaccharide (LPS), and RL+LPS + ibuprofen groups. 
Symbols are same as given in Fig 1. Top left, bottom left, top right, 
and botom right, Qsma, mesenteric Do, mesenteric VO, and 
pH, respectively. 
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Estimation of Ileal Intramucosal PH (pH,) 


Ileal pH, was estimated tonometrically as previously described,’ 
by using the equation pH; =6.1 x logio([ HCO;_ Je/PCO> cor X 0.003), 
where [HCO;_], is the concentration of bicarbonate ion in arterial 
blood and Pco,,.., is the corrected PCO, of saline solution aspi- 
rated fram the balloon of the tonometer. To obtain PCOd.or, 1.0 mL 
of saline solution was aspirated from the tonometer and dis- 
carded to account for the dead-space volume of the device. An 
additioral 1.5 mL of saline solution was aspirated from the 
tonometer, and the PCO, was determined with the use of a blood 
gas analyzer. The tonometer was recharged with a fresh (2.5-mL) 
aliquot of saline solution. This process was repeated every 30 
minutes. Since equilibration of carbon dioxide between the gut 
lumen end the tonometer balloon is only 77% complete at 30 
minutes.’ the measured PCO, was adjusted as follows: PCO... = 
Pco,/0.77. Data that validated tonometry as a means for esti- 
mating i eal pH, in porcine endotoxicosis were recently reported. !° 


Determination of Mucosal Permeability 


Ileal mucosal permeability was determined as previously de- 
scribed. Briefly, the lumen of the isolated loop of ileum was 
perfused continuously with warmed (37°C) RL at 2 mL/min. The 
volume of effluent collected during every 30-minute period was 
recorded and transferred to labeled plastic specimen containers. 
At —60 minutes, the animals were infused intravenously with 
loading doses of 'Cr-EDTA (New England Nuclear Division, E. 
I. du Pent de Nemours & Co, Boston, Mass; approximately 
1.2 x 10”Bq in 10 mL of RL) and urea (Fisher Scientific, Fair Lawn, 
NJ; 300 mg/kg in 12 mL of RL). Sustaining infusions of 5'Cr-EDTA 
(approxanately 3.3 x 108 Bq/h) and urea (150 mg/kg per hour) 
were started at — 60 minutes. From — 30 to 210 minutes, arterial 
blood semples were collected into EDTA-containing (“purple- 
top”) tudes. The tubes were centrifuged, and 3.0 mL of plasma 
was pipetted into plastic tubes for subsequent measurement of 
“Cr-EDTA in a gamma counter. The remaining plasma was 
aspirated and stored at 4°C for 24 to 48 hours until assayed for 
urea. The specimen containers evaporated to dryness during 48 
hours at 55°C. The residual solids were redissolved in approx- 
imately 3 mL of distilled water, and the resulting solutions were 
transferred quantitatively into tared plastic tubes. The plastic 
tubes were weighed again, and the volume of redissolved gut 
effluent was calculated, assuming unit-specific gravity for the 
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Fig 3.— Mean pulmonary artery pressure (MPAP) (left) and PO; (right) 


in Ringer's lactate RL), RL+lipopolysaccharide (LPS), and 
RL+LPS+ibuprofen groups. Symbols are the same as given in Fig 1. 


solution. The amount ef *Cr-EDTA in 3.0 mL of plasma and in 
the entire volume of reconstituted gut effluent was measured 
with the use of a well-type gamma counter. Concentrations of 
urea in plasma and gut effluent were measured with the use of 
a commercially availeble spectrophotometric assay kit (Fisher 
Scientific). Plasma-to-iumen clearances for *Cr-EDTA and urea 
(Cepra and Curea, respectively) for each 30-minute clearance pe- 
riod were calculated as previously described.’ Permeability was 
expressed as the ratio of the clearances for the two compounds 


(ie, Crpra/ Curea) . 


Measurement of Thromboxane B, 


Arterial blood samples were ccllected into iced glass tubes that 
contained EDTA (10.5 mg) and indomethacin (0.1 mg). Within 
15 minutes of being obtained, the blood samples were centri- 
fuged at 4°C. Plasma was collected and stored at —70°C in 
polypropylene tubes until assayed for thromboxane B, by ra- 
dioimmunoassay as previously described." The lower limit of 
sensitivity for the assay was 30 pg/mL. All samples were run in 


_ a single assay to obviate problems with interassay variability. 


Experimental Protocol 


Results were recorded every 30 minutes. Baseline clearance 
data represented the period from — 30 to 0 minutes. During this 
period, all animals were infusec with RL at 25 mL/kg per hour. 

Three groups of pigs were studied. Pigs in group RL (n= 10) 
were infused from 0 to 210 minutes with RL (0.8 mL/kg per 
minute). Data for this group represented the cumulative results 
for a group of animals (n= 6) as previously reported’ and for a 
new group of animals (n=4). Pigs in group RL+LPS (n=15) 
were infused from 0 to 60 minutes with Escherichia coli LPS 
(0111:B4; DIFCO, Detroit, Mich; 50 g/kg). These animals were 
resuscitated from 0 to 210 minutes with RL at 0.8 mL/kg per 
minute. Pigs in group RL+LPS+ibuprofen (n= 10) were pre- 
treated and posttreated with ibuprofen. A loading dose (10 mg/ 
kg) of the drug was infused at —30 minutes, and a sustaining 
infusion (10 mg/kg per hour) was infused from — 30 through 210 
minutes. Pigs in this group were challenged with LPS and re- 
suscitated with RL in the same way as pigs in the RL+LPS group. 
At 210 minutes, all surviving animals were killed with the use of 
a lethal injection of a commercial euthanasia cocktail. 


Statistical Analyses 


Data were analyzed with the use of a computer (Hewlett- 
Packard Vectra ES/12. Hewlett-Packard, Sunnyvale, Calif) and 
commercially available software (Boeingcalc, The Boeing Co, 
Seattle, Wash, and CSS, Statso*t, Tulsa, Okla). Except for sur- 
vival data, results are presented as means+SEs. Time-depen- 
dent data were analyzed only foz those animals that survived for 
the entire period of observaticn. Time-dependent data were 
analyzed with the use cf two-way analysis of variance for re- 
peated measures anc Tukey’s Honestly Significant Difference 
Test. The Crpra/Currs data were log-transformed before being 
analyzed. Survival deta were analyzed with the use of Fisher's 
Exact Test. The null hypothesis was rejected for P<.05. 
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Fig 4.— Ileal mucosal permeability expressed as log Cental Curea in 
Ringer’s lactate (RL), RL+lipopolysaccharide (LPS), andRL+LPS+ibu- 
profen groups. Symbols are the same as given in Fig 1. 


RESULTS 
Survival 


All animals in the RL and RL+LPS+ibuprofen groups 
survived through 210 minutes. In contrast, only 10 of 15 
animals in the RL+LPS group survived for the entire 
planned period of observation. The difference in survival 
between the RL+LPS and RL+LPS+ibuprofen groups 
approached statistical significance (P = .0565). 


Systemic Hemodynamics and Oxygen Transport 


As shown in Fig 1, MAP decreased significantly with 
respect to baseline in both the RL+LPS and RL+LPS+ ibu- 
profen groups, although treatment with the cyclooxyge- 
nase inhibitor delayed the onset of hypotension. In both 
the RL and RL+LPS+ibuprofen groups, Q increased sig- 
nificantly, although, in the latter group, augmentation of 
© was not sustained. In endotoxic controls, Ò did not 
change significantly during the course of the experiment. 
The changes in systemic DO, were similar to those for Ò. 
The overall group X time effect for systemic Vo, was sig- 
nificant (P= .039). Systemic VO, tended to be higher in 
both endotoxic groups than in nonendotoxic controls, 
although a significant between-group contrast was evi- 
dent at only one time point (at 120 minutes). _ 


Mesenteric Oxygen Transport, Qsma, and Ileal pH, 


As shown in Fig 2, Qsma and mesenteric Do, were sig- 
nificantly lower in the RL+LPS group as compared with 
that for the RL group at all time points from 30 through 
210 minutes. Treatment with ibuprofen transiently pre- 
vented the LPS-induced decrease in mesenteric perfu- 
sion. This effect was not durable, however, and at 120 
minutes, Qsma was similar in both endotoxic groups. 
Mesenteric VO, was generally very similar among groups, 
although, at 30 minutes, mesenteric VO, was significantly 
lower in endotoxic controls as compared with that for 
resuscitation-only controls. Ileal pH; remained constant 
over time in the RL group, whereas mucosal acidosis was 
apparent in both groups infused with LPS. Treatment of 
endotoxic pigs with ibuprofen delayed, but failed to pre- 
vent, the development of gut mucosal acidosis. 


Ileal Mucosal Permeability 


As shown in Fig 3, in group RL, Cepra/Curea increased 
slightly, but not significantly, during the period of obser- 
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vation. In contrast, Crora/Curga increased progressively 
and significantly in both groups infused with LPS. A] 
though treatment with ibuprofen may have provided a 
small amount of protection against LPS-induced mucosal 
hyperpermeability, the effect was neither large nor con- 
sistent enough to achieve statistical significance. 


Arterial Oxygenation and Mean Pulmonary 
Artery Pressure (MPAP) 


As shownin Fig 4, arterial Po, decreased significantly over 
time in all three groups, although values for arterial Po, were 
significantly lower in the RL+LPS group than in either of the 
other groups at all time points, except baseline. In the 
RL+LPS group, MPAP described a triphasic pattern charac- 
terized by an early spike (at 30 minutes), followed by a return 
to lower, but still supranormal levels, followed by a second- 
ary rise that began at 120 minutes. In the RL group, MPAP 
was constant over time. In the ibuprofen-treated endotoxic 
group, the early spike in MPAP was completely abrogated, 
and the secondary phase of pulmonary hypertension was 
ameliorated but not eliminated entirely. 


Plasma Thromboxane B, 


As given in the Table, circulating concentrations of im- 
munoreactive thromboxane B, remained constant and low 
in the RL group, whereas in endotoxic controls, plasma 
levels of the prostanoid increased significantly. As ex- 
pected, treatment of endotoxic animals with the cyclo- 
oxygenase inhibitor, ibuprofen, resulted in a decrease in 
thromboxane B, to levels less than the lower limit of sen- 
sitivity for the assay. 


COMMENT 


The dose of LPS employed here (50 g/kg) resulted in 
a 33% short-term mortality rate in untreated pigs. This 
mortality rate was higher than we have observed in pre- 
vious similar studies with the use of the same model and 
the same dose of LPS. The reason for the higher mortality 
rate in the present study is not obvious to us, although an 
additional 30 minutes for equilibration of the tracers be- 
fore infusion of LPS was used in the present study, and 
this possibly affected sensitivity to the lethal effects of LPS. 
Irrespective of the factors responsible for the substantial 
incidence of short-term mortality in the LPS group, it is clear 
that pretreatment with ibuprofen improved survival follow- 
ing the infusion of endotoxin. This observation is consistent 
with findings from many previous studies that have indi- 
cated that cyclooxygenase inhibitors improve survival in a 
variety of animal models of endotoxic shock. 124 

In addition to improving short-term survival in endo- 
toxic pigs, pretreatment with ibuprofen also transiently 
ameliorated LPS-induced mesenteric hypoperfusion and 
ileal mucosal acidosis. These observations confirm pre- 
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vious findings from our laboratory,® although in our 
previous study of the effect of ibuprofen on mesenteric 
perfusion in porcine endotoxicosis, the transient nature 
of the protection afforded by the drug was not fully 
apprecated, because the animals were studied for only 
120 minutes after beginning the infusion of LPS. De- 
spite the transient improvement in Qsma, pretreatment 
with ibuprofen in the present study offered minimal 
protecbon against the adverse effect of LPS on ileal 
mucosal permeability. Since the durable maintenance 
of normal (or supranormal) Qsma by other means pro- 
vides protection against LPS-induced mucosal hyper- 
permeability,” it seems likely that the failure of ibu- 
profen to prevent increased Crpra/Curza in endotoxic 
pigs was due to the deterioration in mesenteric perfu- 
sion that occurred after 120 minutes. 

The measurement of the plasma-to-lumen clearance of 
a hydrephilic molecule to assess gastrointestinal mucosal 
permeability has been well accepted in the physiologic 
literature.'>© Our rationale for using the ratio of Cipra to 
Curra te quantitate changes in ileal mucosal permeability 
has been defended previously.’* We remain convinced 
that this technique provides a useful measure of the in- 
tegrity of zonula occludens between gut epithelial cells. 
Nevertheless, the clinical implications of increased mu- 
cosal permeability to hydrophilic probes like °\Cr-EDTA 
remain to be elucidated. Specifically, little is known re- 
garding the relationship between permeability to rela- 
tively small hydrophilic molecules (like *'Cr-EDTA) and 
permeadility to much larger molecules of biologic signif- 
icance, particularly LPS. Although increased permeability 
to *Cr-SDTA seems to be associated with increased bac- 
terial translocation in rats,? the relationship between these 
two phenomena in other species, such as pigs or humans, 
is unknown at present and warrants further investigation. 

Cons stent with the data from many previous studies in 
a variety of species,*!”8 we showed that cyclooxygenase 
inhibition prevents the early spike in MPAP induced by 
infusing LPS. Jenkins et al and Lee et al” and others?! 
have demonstrated that cyclooxygenase inhibitors improve 
arterial oxygenation in porcine models of acute septic 
shock induced by infusing viable gram-negative bacteria. 
The data in the present study confirm these observations, 
albeit ir a model of endotoxic, rather than septic, shock. 

Since treatment with ibuprofen improved survival, ame- 
liorated arterial hypoxemia and pulmonary hypertension, 
and blocked thromboxane A; release, the failure of this 
compotnd to prevent LPS-induced mucosal hyperper- 
meability was almost certainly not due to inadequate dos- 
ing with the drug or a lack of biologic activity in this 
porcine system. Rather, the present data suggest that 
while crclooxygenase-derived metabolites of arachidonic 
acid plzy a role in the mesenteric hemodynamic events 
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that occur in the early period after infusing LPS in pigs, 
the sustained decrease in Qsma and the gradual increase 
in Cepra/Curra are probably due to other factors. One is 
tempted to speculate that a pure thromboxane synthetase 
inhibitor might be more effective than ibuprofen in pre- 
venting LPS-induced mesenteric hypoperfusion, because 
inhibiting the synthesis of the potent vasoconstrictor, 
thromboxane A;, tends to enhance formation of prosta- 
cyclin, a powerful vasodilator. Further studies will be 
necessary to address this question. 


This study was supported by grant R29 GM37631 04 from the Na- 
tional Institutes of Health, Bethesda, Md.Penny Bentley assisted in 
the preparation of the manuscript. 
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Discussion 


Davip N. HERNDON, MD, Galveston, Tex: This is a superb 
study that demonstrates that LPS infused into a porcine model 
causes a decrease in mesenteric blood flow and an increase in 
permeability to large hydrophilic compounds. This has previ- 
ously been demonstrated in other models. Pretreatment and 
posttreatment with ibuprofen transiently blocked LPS-induced 
mesenteric hypoperfusion but did not decrease the permeability 
phenomenon. It is suggested that this study shows that there is 
no linkage between perfusion and permeability phenomenon. 

In long-term studies, we have shown that mesenteric hypo- 
perfusion occurs despite adequate resuscitation in pigs and sheep 
after endotoxin, inhalation injury, or burn. In all these injuries, 
bacterial translocation was associated with mesenteric hypo- 
perfusion. Both mesenteric hypoperfusion and bacterial trans- 
location were reversed by treatment with the thromboxane syn- 
thetase inhibitor, OKY046, and adequate resuscitation. The dis- 
crepancies between our conclusions and yours can be explained 
in different interpretation of your data. Specifically, there are 
three points on which I wish to comment. 

First, previous discussions at this meeting suggest that the 
increased permeability of the gut to lactulose following burn 
injury may be a transcellular, active energy-requiring process, as 
suggested by Drs Alexander and Roe, whereas permeability to 
hydrophilic probes appears to be a paracellular phenomenon 
and may not be associated with the pathologic phenomenon of 
bacterial and endotoxin translocation. 

Second, we have shown plasma thromboxane levels to be 
massively elevated after these insults, as you have, but specific 
thromboxane synthetase inhibition can reverse the mesenteric 
hypoperfusion. Here, ibuprofen has only a transient effect, and 
it acts more proximally in the prostanoid production pathway 
than thromboxane synthetase inhibitors. Additionally, ibuprofen 
inhibits the production of the potentially beneficial prostanoids, 
such as prostacyclin, which is a potent vasodilator. 

Third, the dose of LPS, 50 pg/kg, used in this study is large, 
as demonstrated by the 30% mortality in untreated animals. 
Mesenteric blood flow was transiently improved by ibuprofen in 
this study, but all groups had a decrease in blood pressure and 
mesenteric blood flow. Even with ibuprofen treatment, blood 
pressure and mesenteric blood flow fell to half that of the con- 
trols between 120 and 210 minutes postinjury, indistinguishable 
from the LPS-alone group. This degree of hypoperfusion in our 
porcine model, both burned and normal, created by partial oc- 
clusion of the superior mesenteric artery with an inflatable cuff, 
results in bacterial translocation and permeability changes. This 
leads me to question seriously whether you have demonstrated 
a dissociation between hypoperfusion and increased permeabil- 
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ity. Clearly, you have a 50% decrease in mesenteric blood flow 
even in your ibuprofen-treated group. Perhaps utilization of a 
specific thromboxane synthetase inhibitor, OKY046, might allow 
you to maintain mesenteric blood flow. Surely, no discussion of 
dissociation is possible here, as even the ibuprofen-treated con- 
trols had mesenteric hypoperfusion. The restoration of mesen- 
teric perfusion with dobutamine and hetastarch in high-volume 
resuscitations suggests that there is no linkage. 

PHILIP S. BARIE, MD, New York, NY: I'd like to raise a 
question about platelet activating factor (PAF), which has 
been identified in the serum of patients who develop mesen- 
teric infarction from low-flow states. Likewise, it has also 
been demonstrated in experimental animals. A recent study 
from St Louis, Mo, presented at the American Surgical Soci- 
ety last year, implicated PAF in the pathogenesis of acalcu- 
lous cholecystitis in a feline model. That may also be splanch- 
nic hypoperfusion as a different manifestation of the same 
global phenomenon. In that PAF is ultimately derived from 
arachidonate as are the cyclooxygenase products, do you 
have any data or would you care to speculate about the role 
of PAF in the pathogenesis of your model? 


probes, including chromium-EDTA and horseradish peroxidase, 
Although we have been able to prevent endotoxin-induced intes- 


DOUGLAS W. WILMORE, MD, Boston, Mass: First, would you 
show us the effects of ibuprofen on permeability irrespective of 
LPS? Second, is this just an epiphenomenon? Does the bowel 
change have anything to do with LPS-induced change in these 
pigs? For example, if you did a massive enterectomy in these pigs 
and maintained them for a week or so on intravenous feeding 
and then gave them LPS, would they respond the same way? 

DR FINK: I would like to take this Opportunity to clarify our 
laboratory’s current thinking about the relationship between 
flow and alterations in permeability in this model. Let me em- 
Phasize that I think that extrapolating from one model system to 
another (or to human beings) is obviously a very dangerous 
Proposition. So, I am speaking about endotoxic pigs and not 
about endotoxic rats or sick patients. 

Our view is that, in normal animals, moderate degrees of hy- 
poperfusion are tolerated very well. That is based on data that 


_ Were presented at this meeting last year by us. In addition, Drs 


Bulkley and Granger and colleagues reported several years ago 


_ that mesenteric oxygen uptake has to be decreased to greater 


than about 50% of the baseline value before one starts to see 


t changes in permeability to hydrophilic solutes. In acute endo- 


toxicosis, moderate decrements in perfusion are important, and 
that is probably because the metabolic demands of the mucosal 


-cells are different after the administration of LPS than they are 


ordinarily. Clearly, maintenance of normal perfusion in endo- 
toxic animals by extraordinary means (eg, by resuscitating with 
hetastarch and dobutamine) prevents LPS-induced hyperper- 
meability. The negative data, or the more or less negative data, 


_ that was presented today suggest that ibuprofen fails to prevent 


alterations in permeability primarily because it fails to provide 
durable protection against the adverse effect of LPS on mesen- 
teric perfusion. Our results are not inconsistent with most of the 
data being generated by Dr Herndon’s group in Galveston. 
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Dr Herndon raised the issue once again of translocation changes 
vs permeability changes. I think that is an area that needs a great 
deal of work. Translocation is undoubtedly a different biologic 


Dr Herndon raised the question of the difference between 
ibuprofen, a cyclooxygenase inhibitor, and thromboxane syn- 


studies that LPS and tumor necrosis factor-induced gut damage 
in rats is PAF dependent, whereas Deitch and colleagues have 
presented elegant data suggesting that PAF antagonists fail to 
prevent _PS-induced bacterial translocation. In our porcine en- 
dotoxicosis model, we investigated the effects of a PAF antag- 
onist (SI164688) and found that this compound provided little 
protection against any of the adverse effects of LPS. 

Dr Deitch raised the question of whether there are other mech- 
anisms besides changes in perfusion that might account for the 
adverse effects of LPS on the barrier function of the mucosa. I 
think the answer to that question is almost certainly yes, but I 
think that the data that have been generated by our group and 
by Dr Herndon and colleagues would suggest that alterations in 
perfusion are among the factors that are capable of perturbing 
the integ-ity of the tight junctions between mucosal cells, 

Dr Wilmore pointed out that we do not have any control data 
with ibuprofen. I think that is a very good point. It is conceivable 
that ibuprofen is, in fact, intrinsically deleterious to the mucosa 
in some way, a possibility that confounds the interpretation of 
the present results. Dr Wilmore also wondered whether the 
observed changes in the gut are an epiphenomenon. I think that 
question s a fascinating one, but in the limited time that I have 
available here, I would hesitate to address it. 


Clinical Relevance Statement 


The concept that indigenous factors, such as endotoxin or 
even gut-derived bacteria, may play a role in major patho- 
Physiologic events associated with injury or sepsis, although 
not new, has received substantial support during the past 5 
years. The present study provides additional documentation 
of the association of endotoxemia with decreased intestinal 
perfusion and increased permeability for at least small mole- 
cules. The implications of these findings from a clinical per- 
spective are immense in that just as appreciation of appropri- 
ate fluid resuscitation of the global patient had a major 
impact or early morbidity and mortality, it now appears that 
resuscitatzon of the intestinal tract may be the next hurdle to 
overcome in care of the severely injured, endotoxemic, or 
septic patent. 

In addi-ion to confirming the findings from previous obser- 
vations, the authors have provided evidence that, although 
mediators derived from the cyclooxygenase pathway of 
arachidon.c acid metabolism do play a role in the early hy- 
poperfusien of the intestinal tract, additional factors are likely 
involved. These studies and those to follow offer the poten- 
tial to change the way we currently approach resuscitation of 
all patients with infection and/or injury, including that which 
is associated with surgical procedures. 


ROGER W. YURT, MD 
New York, NY 
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è The use of OKT3 therapy is a major risk factor for oppor- 
tunistic infections im liver transplant recipients. In the last 
2 years, we prospectively randomized 100 patients receiv- 
ing OKT3 therapy iato either a control group (n=50) ora 
prophylaxis group (n= 50). Prophylaxis consisted of six 
doses of intravenous immune globulin over 4 weeks and oral 
acyclovir for 3 months after OKT3 therapy. The two groups 
were comparable with respect to demographic, immuno- 
logic, and clinical characteristics. The regimen of prophy- 
laxis resulted in (1) a-significant reduction in the incidence 
of herpetic and Epstein-Barr viral infections; (2) no change 
in the incidence of cytomegalovirus infections; (3) a signif- 
icant decrease in the incidence of fungal infections; and (4) 
fewer deaths due te sepsis. The incidence of viral and fun- 
gal infections was higher after OKT3 induction than after 
rescue therapy. Our conclusion is that opportunistic infec- 
tions are frequent after OKT3 therapy in hepatic allograft 
recipients. Treatment with intravenous immune globulin 
and oral acyclovir is safe and effective in preventing non- 
cytomegaloviral and fungal infections in this setting, thus 
conferring a survival advantage with fewer deaths due to 
sepsis. 
(Arch Surg. 1992;127:55-64) 


i n spite of advances in immunosuppression, rejection 

remains the major cause of allograft loss after liver 
transplantation.' Consequently, concerted efforts have 
been made to develep more effective means of suppress- 
ing the T-lymphocyte functions that mediate acute al- 
lograft rejection. The murine monoclonal antibody OKT3 
(Orthoclone, Ortho Pharmaceutical Corp, Raritan, NJ) is 
a potent and unique immunosuppressive agent that spe- 
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cifically binds to the CD3 antigen recognition site of hu- 
man T cells.2? Interaction of OKT3 with this target protein 
blocks T-cell effector function, resulting in a rapid but 
reversible decrease in the peripheral CD3 lymphocyte 
count and CD3 antigen density.*> The efficacy of OKT3 
therapy in reversing hepatic allograft rejection is well 
established.*” 

Infection is the major cause of death in liver transplant 
recipients, and may result from pretransplant morbidity, 
surgical complications, reactivation of latent virus, or 
overimmunosuppression.'” Infection may be due to 
bacterial, viral, fungal, or protozoal organisms, but the 
herpesviruses have become a major source of morbidity 
and mortality.'*"> With refinements in selective immuno- 
suppression and diagnostic technology, cytomegalovirus 
(CMV) is recognized as the single most important patho- 
gen encountered after liver transplantation." Herpesvi- 
ruses are notable for their ubiquity, latency, and tendency 
to reactivate in the immunocompromised host.” 

Previous studies have reported a high incidence of in- 
fection associated with the use of antilymphocyte prepa- 
rations such as OKT3.” 61% Despite excellent antire- 
jection potency, the positive effect of OKT3 has been 
tempered by the undesirable side effect of opportunistic 
infection. The concurrent use of intravenous immune 
globulin (IVIG) preparations with acyclovir has been 
studied as treatment for viral infections in patients with 
bone marrow, heart, and kidney transplants.” In addi- 
tion, IVIG and acyclovir have been used separately for 
prophylaxis in various transplant populations. However, 
conflicting results have been reported, and the use of 
these drugs in combination after liver transplantation has 
not been studied well. 

In liver transplant recipients receiving OKT3 therapy, 
we have a known high-risk patient population for the 
subsequent development of opportunistic infections. The 
purposes of this study were to: (1) define the incidence, 
timing, and severity of opportunistic infections in liver 
transplant recipients receiving OKT3 therapy; (2) charac- 
terize the clinical patterns of infectious disease in this 
population; and (3) evaluate the safety and efficacy of 
prophylaxis with IVIG and oral acyclovir in a prospective, 
randomized trial. 
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MATERIALS AND METHODS 
Study Population and Design 


During a 30-month period from July 1988 through December 
1990, a total of 342 liver transplants were performed in 300 
recipients at our center. During this study period, all recipients 
receiving OKT3 therapy for a minimum of 4 days were prospec- 
tively randomized into either a control group or a prophylaxis 
group. Patients were randomized based on their assigned hos- 
pital number. Patients with an even hospital number were 
placed in the control group, whereas those with an odd number 
were placed in the group receiving prophylaxis. Patients were 
enrolled into the study only after voluntary informed consent 
was obtained as per the guidelines of the Institutional Review 
Board of the University of Nebraska Medical Center. Exclusion 
criteria included known allergy to the drugs used in the study, 
severe preexisting renal or neurologic injury, known infection at 
the time of entry, or refusal to participate. 

During the study period, a concurrent study with a similar 
regimen of prophylaxis was conducted in patients with primary 
CMV exposure (a CMV-seronegative recipient receiving a liver 
from a CMV-seropositive donor). In these patients, the regi- 
men of prophylaxis was begun immediately after transplanta- 
tion. If these patients subsequently received OKT3 therapy, they 
were nonrandomly assigned to the prophylaxis group, thus 
skewing the distribution of primary CMV exposure in the two 
groups. 

All patients were followed up for a minimum of 3 months or 
until death. All patients were monitored for the development of 
clinically significant infection and rejection episodes in the first 
3 months after OKT3 therapy. 


Definition of Infection 


For purposes of analysis, definitions of major vs minor infec- 
tions were made. Minor viral infection was defined as isolation 
or identification of virus from any site (blood, urine, sputum, 
throat, or stool) or positive seroconversion (presence of IgM or 
fourfold increase in IgG titers) in the absence of clinical symp- 
toms or objective clinical findings. In contrast, major viral infec- 
tion (viral disease) was defined as invasive or symptomatic viral 
infection with histologic evidence of viral cytopathic effect or a 
positive viral culture from a deep tissue specimen in the setting 
of suggestive clinical manifestations such as fever, leukopenia, 
pulmonary infiltrates, hepatitis, or enteritis." Specimens from 
liver or lung biopsy, endoscopy mucosal biopsy or brushing, 
bronchoscopy mucosal biopsy or brushing, or bronchoalveolar 
lavage fluid were used for the diagnosis of viral disease. The 
presence of positive blood cultures or seroconversion in the set- 
ting of symptomatic infection was also considered sufficient to 
establish the diagnosis of a major viral infection. 

Minor fungal infection (fungal colonization) was defined as 
isolation or identification of a fungal species from a superficial 
site (urine, stool, sputum, throat/oropharynx, or skin/wound) or 
positive results of antigen testing from a single site in the absence 
of invasive disease. In contrast, a major fungal infection was de- 
fined as: (1) histologic evidence of tissue invasion on biopsy or 
autopsy; (2) positive culture from blood or a deep tissue speci- 
men, such as cerebrospinal fluid, peritoneal fluid (from intraop- 
erative or percutaneous aspiration specimens), or biopsy spec- 
imens; (3) positive cultures from multiple sites (three or more); 
or (4) presence of budding yeast, pseudohyphae, or positive 
culture from a bronchoalveolar lavage specimen with clinical 
and/or radiologic evidence of pneumonitis.” The presence of 
yeast colonization in isolated sites, such as the oral cavity, up- 
per respiratory tract, bronchial specimens, sputum, stool, or 
urine was considered insufficient to establish the diagnosis of a 
major fungal infection. 

Minor bacterial infections were defined as superficial infec- 
tions of the skin or soft tissues, urine, upper respiratory tract, 
stool, or wound in the absence of the sepsis syndrome. Major 
bacterial infections were defined as: (1) positive culture from 
blood or a deep tissue specimen, such as cerebrospinal fluid, 
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peritoneal fluid (from intraoperative or percutaneous aspiration 
specimens), or biopsy specimens; (2) positive culture from a 
bronchoalveolar lavage specimen with clinical and/or radiologic 
evidence of pneumonitis; or (3) histologic evidence of tissue in- 
vasion on biopsy or autopsy. The presence of the sepsis 
syndrome (systemic manifestations including fever, tachycar- 
dia, tachypnea, leukocytosis or leukopenia, hypotension, al- 
tered mental status, or other evidence of inadequate organ per- 
fusion) was often a distinguishing characteristic between major 
and minor bacterial, viral, or fungal infections. 


Regimen of Prophylaxis 


Patients were randomly assigned to the prophylaxis group 
at the initiation of OKT3 therapy. Intravenous immune glob- 
ulin (Gammagard, Baxter-Hyland, Glendale, Calif; 0.5 g/kg) 
was administered over 6 hours as a continuous infusion on 
days 1, 3, and 5 of OKT3 therapy, and then administered at 
weekly intervals for the next 3 weeks, so that the patient 
receiveé a total of six doses of IVIG over 4 weeks. In addi- 
tion, patients received oral acyclovir (400 mg five times per 
day in patients weighing over 40 kg, 200 mg five times per 
day in patients weighing between 10 and 40 kg, and 200 mg 
three times per day in patients weighing under 10 kg). The 
acyclovir prophylaxis was begun at the time of initiation of 
OKT3 therapy and continued for 3 months. Dosage adjust- 
ments were made based on renal dysfunction. The control 
group received no IVIG or acyclovir prophylaxis. Study fail- 
ure was defined as the development of an opportunistic (viral 
or fungal) infection in the first 3 months after OKT3 therapy. 


Recipient Selection and Treatment 


Recipient selection was based primarily on ABO blood group 
compatibility, size considerations, medical urgency, and length 
of time on the waiting list according to United Network for Or- 
gan Sharing guidelines. No emphasis was placed on matching 
CMV-seronegative donors with CMV-seronegative recipients.* 
However, in the seronegative recipient, intraoperative transfu- 
sion treatment included the administration of up to 20 units of 
CMV negative blood and platelets, after which packed red blood 
cells ané platelets were usually given, irrespective of CMV an- 
tibody reactivity. For patients remaining seronegative after 
transplant, CMV-negative blood products were administered. 

During the period of study, uniform protocols for donor treat- 
ment, organ retrieval, transplantation, and immunosuppression 
were followed. Donor hepatectomy was performed with stan- 
dard techniques in conjunction with multiple organ retrieval.” 
Recipient hepatectomy and hepatic replacement were per- 
formed with standard techniques with venovenous bypass in 
recipients weighing over 40 kg.” 

Perioperative antibiotic prophylaxis consisted of intravenous 
cefazolin sodium (1 g in adults, 30 mg/kg in children) given im- 
mediately before surgery, every 4 hours during surgery, and 
three doses every 8 hours after surgery. Oral nystatin prophy- 
laxis (50C 000 units four times daily) was administered routinely 
to all patients beginning immediately after surgery and continu- 
ing for 2 minimum of 3 months. No mechanical or antibiotic 
bowel preparation was performed. All patients also received ei- 
ther oral trimethoprim sulfamethoxazole or aerosolized penta- 
midine prophylaxis against Pneumocystis carinii for at least 6 
months. 

All patients were treated with combined cyclosporine-steroid 
immunosuppression, as described previously.“ Initial rejection 
episodes were usually treated with a steroid pulse or recycle,”” 
The monoclonal antibody OKT3 was employed for the treatment 
of steroic-resistant rejection or severe rejection (rescue therapy), 
or as induction therapy in patients with renal dysfunction who 
were unable to tolerate therapeutic doses of cyclosporine.” 
Induction therapy was defined as receiving OKT3 within 3 days 
of transplantation. Indications for OKT3 induction therapy were 
preexisting renal insufficiency, acute toxic effects of cyclospo- 
rine, retransplantation for acute rejection, and combined liver- 
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kidney transplantaticn. OKT3 was usually given for 10 to 14 
consecutive days as a single daily intravenous bolus of 5 mg (2.5 
mg/d in patients weighing less than 30 kg). During OKT3 rescue, 
standard doses of cyclosporine and prednisone were main- 
tained. At the end of OKT3 therapy, patients usually received a 
steroid bolus (1 g of intravenous methylprednisolone in adults, 
20 mg/kg in children weighing under 40 kg). 


Surveillance Monitoring 


Peripheral CD3 lymphocyte counts were monitored prospec- 
tively with flow cytometry before beginning OKT3 therapy and 
then at twice-weekly intervals during and after treatment. The 
OKT3 dose was doubled to achieve target CD3 lymphocyte 
counts below 10/mm’. 

Laboratory variabies that were monitored routinely in- 
cluded complete blood cell counts with differential; platelet 
counts; and measurement of serum blood urea nitrogen and 
creatinine, electrolytes, and liver enzymes. Acyclovir therapy 
was discontinued or temporarily stopped for severe neutrope- 
nia (absolute neutrophil count below 1000/mm°), neurotoxicity 
(seizures or unexplained mental status changes), or nephro- 
toxicity (serum creatinine above 360 ywmol/L or creatinine 
clearance below 0.16 mL/s). 

All patients were moritored <or the development of clinically 
significant rejection anc opportunistic infections in the first 3 
months after OKT3 therapy. The diagnosis of rejection was a 


- composite decision based on clinical criteria, hepatic allograft 


> 


dysfunction, and confirmed by histopathologic studies of the 
liver in most cases.“ Surveillance viral monitoring consisted of: 
(1) weekly CMV IgM and IgG titers; (2) weekly CMV cultures 
(blood, urine, throat, or sputum); and (3) biopsy and viral cul- 
ture of deep tissue specimens whenever clinically indicated. 
Surveillance mycologic monitoring (urine, stool, blood, sputum, 
throat, wound, and peritoneal fluid) was performed whenever 
clinically indicated and during antifungal therapy. Similarly, 
surveillance bacteriologic monitoring was performed for clinical 
indications. Percutaneous liver biopsy was performed for he- 
patic allograft dysfunction. Bronchoscopy with bronchoalveolar 
lavage was performed for pulmonary symptoms, infiltrates on 
chest roentgenography, or oxygen desaturation. Upper or lower 
gastrointestinal tract endoscopy with biopsy was performed for 
investigation of symptoms (nausea, vomiting, dysphagia), diar- 
rhea, or bleeding. 


Treatment of Infection 


Documented bacterial infections were treated with selective 
antibiotic coverage based on sensitivity patterns, with liberal use 
of third-generation cephalosporins and restricted use of amino- 
glycoside antibiotics in an attempt to avoid synergistic nephro- 
toxicity with cyclosporine. Once the diagnosis of CMV disease 
was established, specific antiviral therapy was begun with intra- 
venous ganciclovir in a dose cf 5 mg/kg every 12 hours for 14 
days, with dosage adjustments based on renal dysfunction. 6# 
Epstein-Barr viral disease was initially treated with intravenous 
acyclovir (10 mg/kg every 8 hours), with conversion to ganciclo- 
vir in cases of progressive disease or suspected lymphoprolifer- 
ation. Herpes simplex and varicella-zoster infections were ini- 
tially treated with intravenous acyclovir in doses as above, with 
eventual conversion to oral acyclovir. The duration and efficacy 
of specific antiviral therapy was determined by clinical response, 
surveillance viral cultures, and repeated evaluation of tissue 
specimens when indicated. Resolution of the nonspecific 
manifestations of viral disease (fever, malaise, arthralgia, leuko- 
penia, thrombocytopenia, nausea, and diarrhea) was also used 
as clinical evidence of therapeutic efficacy. Once specific antivi- 
ral therapy was instituted, oral acyclovir prophylaxis was 
stopped. 

When the diagnosis of fungal infection was established, spe- 
cific antifungal therapy was begun with intravenous amphoteri- 
cin B (Fungizone, Squibb Pharmaceuticals, Princeton, NJ).” A 
test dose of amphotericin B (1 mg in adults, 0.1 mg in children, 
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Control Group, Prophylaxis Group, 
No. (%) No. (%) 
(n=50) (n=50) 





Variable 


Adults 36 (72) 39 (78) 
Age, yt 48.6+11.8 42.5+13.2 
Children 14 (28) 11 (22) 
Age, yt 3.9+4.8 3.7+3.8 
Male 26 (52) 23 (46) 
Female 24 (48) 27 (54) 
Liver disease 
Cirrhosis 27 (54) 23 (46) 
PBC 2 (4) 5 (10) 
PSC 6 (12) 4 (8) 
FHF 3 (6) 4 (8) 
BA 8 (16) 5 (10) 
Metabolic 2 (4) 7 (14) 
Other 2 (4) 2 (4) 
CMV Serologic status 
D+R-¥ 3 (6) 14 (28) 
D+R+ 22 (44) 13 (26) 
D-R+ 14 (28) 18 (36) 
D-R- 11 (22) 5 (10) 
Intraoperative PRBCs 
transfused, Ut 15.6 +20.8 15.4 +22.0 
Retransplantation 4 (8) 2 (4) 


*PBC indicates primary biliary cirrhosis; PSC, primary sclerosing 
cholangitis; FHF, fulminant hepatic failure; BA, biliary atresia; 
CMV, cytomegalovirus; D, donor; R, recipient; plus signs, posi- 
tive; minus signs, negative; and PRBCs, packed red blood cells. 

+Values are means + SDs. 

+P = .007 between the two groups. 


intravenous) was then followed by graded therapeutic dosing 
(5-mg increments per day in adults and 1-mg increments per day 
in children) up to a maximum dose of 0.5 to 1.0 mg/kg per day. 
The intensity and duration of amphotericin B therapy was 
determined by the patient's clinical response and side effects. 
The efficacy of amphotericin B therapy was determined by clin- 
ical response, surveillance mycologic cultures, and repeated 
evaluation of tissue specimens when indicated. 

Treatment of opportunistic infections also included a variable 
reduction in immunosuppression, aggressive nutritional and 
metabolic support, prophylaxis and/or treatment of superinfec- 
tion, and surgical débridement when indicated. 


Statistical Analysis 
Data are expressed as means+SDs. Univariate analysis was 
performed with Student's t test for continuous variables, the x’ 
test for categorical variables, and Fisher’s Exact Test when data 
were sparse. Actuarial survival was computed with Wilcoxon 
life-table analysis. 


RESULTS 
Group Characteristics 


Over a 24-year period, 100 patients were treated with 
OKT3 and randomized into the study protocol. Fifty pa- 
tients were controls, and the remaining 50 patients 
received the regimen of prophylaxis. As shown in Table 
1, the two groups were comparable with respect to age, 
gender, primary disease, number of retransplants, and 
intraoperative packed cell transfusion requirement. As 
already noted, there was a nonrandom distribution of 
donor and recipient CMV serologic combinations be- 
tween the two groups. 

Table 2 demonstrates that the characteristics of OKT3 
use were also similar between the two groups. The indi- 
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Prophylaxis 
Group, 
No. (%) 
(n=50) 






Control Group, 
No. (%) 
(n=50) 







Variable 


OKT3 Indication 














Rescue 32 (64) 32 (64) 
Induction 18 (36) 18 (36) 
Transplant to OKT3 
administration, d* 13.9+17.6 12.7+14.5 
Early (<3 mo)t 44 (88) 49 (98) 
Late (>3 mo)t 6 (12) 1 (2) 
Duration of OKT3 treatment, d* 13.4+3.1 12.7+3.9 
Days in hospital after OKT3* 52+41 54+ 46 
Rejection after OKT3 17 (34) 12 (24) 






Rescue-rejection reversal 19/32 (59.4) 


14/18 (77.8) 


23/32 (71.9) 
15/18 (83.3) 





Rejection-free induction 





*Values are means+SDs. 
tP=.06 between the two groups. 


Table 4.—Clinical Spectrum of Infectious Disease _ 
in the Prophylaxis Group © 


Viral fungal 
SOS LL es) 
Major Minor Major Minor Major Minor 


Bacterial 


Site of Infection 


Blood 

Urinary tract 
Respiratory tract 
Peritoneal fluid 
Wound 

Liver 
Gastrointestinal tract 
Oropharynx 


Cerebrospinal fluid 
Total 


cation, timing, and duration of OKT3 therapy were com- 


parable between groups. However, more patients in the 
_ control group received OKT3 later than 3 months after 
_ transplant. The efficacy of OKT3 therapy, as defined by 


the incidence of rejection after treatment, was also com- 
parable. Finally, the number of hospital days after the first 
dose of OKT3 (including all readmissions in the first 3 
months) was nearly equivalent in the two groups. 


Epidemiologic Findings 
A total of 117 episodes of infection were diagnosed in 


_ 45 patients in the control group, and a total of 90 infections 


occurred in 44 patients in the prophylaxis group. The 
clinical spectrum of infectious disease according to site, 
type (bacterial, viral, or fungal), and severity (major or 
minor) of infection in the control and prophylaxis groups 
are detailed in Tables 3 and 4, respectively. 

A total of 15 control patients (30%) had no episodes of 
either viral or fungal infection, whereas 22 patients (44%) 
in the prophylaxis group had no opportunistic infections 
(P=.21). The influence of donor and recipient CMV sero- 
logic status on the subsequent development of CMV dis- 
ease is depicted in Fig 1. Although no significant differ- 
ences were noted between the two groups, the presence 
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Bacterial Viral groan 


a Oem PB 
Major Minor Major Minor Major Minor 


Site of Infection 


Urinary tract 
Respiratory tract 
Peritoneal fluid 
Woune 

Liver 
Gastromtestinal tract 
Oropherynx 

Skin 

Total 





Incidence of CMV Disease, % 





D-R- 


CMV Serologic Status 


Fig 1.—TFe influence of donor (D) and recipient (R) cytomegalo- 
virus (CM /) serologic status (plus sign indicates positive, and minus 
sign, negative) on the subsequent development of invasive CMV 
infection `n control (solid bars) and prophylaxis (hatched bars) pa- 
tients receiving OKT3 therapy. No significant differences were 
noted. 


of recipient CMV seropositivity was an independent risk 
factor for the subsequent development of CMV disease in 
both groups after OKT3 therapy (47.8% incidence of CMV 
disease vs 21.2% in seronegative recipients; P = .02). 


Randomized Study 


Table 5 summarizes the results of the randomized 
study. The regimen of prophylaxis resulted in: (1) a sig- 
nificant reduction in the incidence of herpetic and 
Epstein-Barr viral infections; (2) no change in the inci- 
dence of CMV infections; (3) a significant decrease in the 
incidenee of major fungal infections; and (4) fewer deaths 
due to sepsis. The decrease in the incidence of non-CMV 
viral infections in the prophylaxis group also resulted in 
a significant reduction in the total number of patients with 
viral infections and a trend toward reduced major viral 
infectiors. The total number of patients with fungal 
infectiors was likewise significantly lower in the prophy- 
laxis group. The regimen of prophylaxis had no effect on 
bacterial infections. Two cases of P carinii pneumonia 
were documented (both in the prophylaxis group), but in 
each ins-ance this was related to the accidental discontin- 
uation of specific prophylaxis against Pneumocystis. 
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Prophylaxis 
Group, No. (%) 


Group, Primary 
Na. (%) CMV Other Total 
Variable (n=14) (n=36) (n=50) 









Infections 








Viral 
CMV 21 (42) 3 621.4) 15 (41.7) 18 (36) NS 
HSV 16 (32) 0 6 (16.7) 6 (12) .03 
EBV 5 (10) 0 0 0 .03 
Major 25 (50) 3 (21.4) 12 (33.3) 15 (30) .07 
Minor 17 G4) 0 9 (25) 9 (18) .11 
Total 33 (66) 3.21.4) 19 (52.8) 22(44) .04 
Fungal 
Major 15 GO) 3 21.4) 3 (8.3) 6(12) .05 
Minor 7 (14) 2 14.3) 4 (11.1) 6 (12) NS 
Total 27 (42) 4 °28.6) 7 (19.4) 11(22) .05 
Bacterial 
Major 31 (62) 10 71.4) 18 (50) 28 (56) NS 
Minor 22 (44) 6 (42.9) 21 (58.3) 27 (54) NS 
Total 41 (B82) 13 92.9) 27 (75) 40 (80) NS 
Patient survival 39(78) 1285.7) 33 (91.7) 45(90) .09 


Deaths from 


sepsis 618) 117.1) 2 (4) 


*NS indicates not significant. 


1 (2.8) 








There was also improved patient survival with the reg- 
imen of prophylaxis. Actuarial patient survival for the two 
groups is illustrated in Fig 2. Table 6 shows the character- 
istics of patients who died ir both groups, along with the 
timing and cause of death. Of the five deaths in the pro- 
phylaxis group, only two occurred within 3 months of 
OKT3 therapy. In contrast, nine of 11 control patients died 
within 3 months and the remaining two died within 4 
months of OKT3 therapy. The mean time until death af- 
ter OKT3 therapy was significantly shorter in the control 
group (61 vs 252 days, P=.009). Sepsis was the major 
cause of death in nine control patients and a contributing 
factor in one other control patient. Two patients in the 
prophylaxis group died of sepsis (one early and one late), 
and sepsis was a contributing factor to one other late 
death. 


Clinical Features 


The timing of infection after OKT3 therapy for the con- 
trol and prophylaxis groups is shown in Figs 3 and 4, re- 
spectively. The timing of bacterial and fungal infections 
after OKT3 therapy was no different between the two 
groups. However, the onset of viral infection after OKT3 
therapy was delayed by prophylaxis (20 vs 31 days, 
P=.03). 

The incidence and severity of infection was also ana- 
lyzed with regard to the indication for OKT3 use in the 
two groups (Table 7). In the control group, the incidence 
of major viral, fungal, and bacterial infections was signif- 
icantly higher after OKT3 induction therapy. This time 
frame corresponds to the immediate posttransplant pe- 
riod. In the prophylaxis group, however, these differ- 
ences between the incidence of infection after OKT3 res- 
cue and that after induction were not noted. This suggests 
that the regimen of prophylaxis was quite effective in re- 
ducing the incidence of infection after OKT3 induction, 
but was less effective after OKT3 rescue. 
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Time, mo 

Fig 2.—Actuarial survival in patients with liver transplant after 

receiving OKT3 therapy. A significant benefit was noted with the 

regimen of prophylaxis, especially with regard to the prevention of 

early deaths. Solid line represents the control group (n=50), and 


dotted line, the prophylaxis group (n = 50). Asterisk indicates P<.05. 


Safety and Cost 


The incidence of rejection was similar between the two 
groups, suggesting that the regimen of prophylaxis did 
not result in an immunologically adverse effect. Adverse 
effects occurred infrequently in patients receiving pro- 
phylaxis. Hypersensitivity reactions to IVIG were rare 
and easily controlled with supplemental steroids. The 
most significant adverse effects with acyclovir were neu- 
tropenia, neurotoxicity, and nephrotoxicity. Since these 
adverse events were usually multifactorial in origin, it was 
difficult to attribute specific toxic effects to the drugs used 
in the study. However, acyclovir dosing was reduced or 
held in the setting of the above side effects. Acyclovir 
therapy was completely stopped in five cases (10%). 

The cost of IVIG was $144.76 per 5-g unit dose. Assum- 
ing the weight of an average adult to be 70 kg, this cor- 
responds to a cost of $2026.71 per dose or a total cost of 
$12 160.26 for a complete six-dose course. In children (av- 
erage weight, 15 kg), costs were $434.29 per dose and 
$2605.74 for complete prophylaxis. The total cost of oral 
acyclovir therapy for 3 months in adults and children was 
$590.31 and $236.12, respectively. 


COMMENT 


Infection and allograft rejection are the two most com- 
mon causes of morbidity and mortality after solid organ 
transplantation. !!*>°S The level and intensity of immu- 
nosuppressive therapy not only directly affects these two 
interrelated complications but also influences the survival 
of the transplant recipient. The murine monoclonal anti- 
body OKT3 has become an important part of the immu- 
nosuppressive armamentarium because of its 
immunospecificity.”’ Interaction of OKT3 with the alpha- 
beta ligand of the T-cell receptor selectively blocks cyto- 
toxic T-cell function and eliminates nearly all circulating 
functional T cells.™ With continued OKT3 use, T cells re- 
appear in the circulation, but the CD3 complex is modu- 


lated at the cell surface such that T-cell activation cannot — 


occur.’ However, given the essential role of the T cell, 
not only in rejection but also in cell-mediated immunity, 
it is not surprising that the use of OKT3 has been associ- 
ated with an increased risk of infection, especially with 
opportunistic organisms such as viruses and 
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Patient No. Group 


Prophylaxis 
Prophylaxis 
Prophylaxis 


Prophylaxis 
Prophylaxis 
Control 
Control 
Control 


Control 


Control 


Control 
Control 
Control 


Diagnosis 


BA 


BA 


Metabolic 


FHF, CA 


Cirrhosis 


Metabolic 


Cirrhosis 


BA 
Cirrhosis 
Cirrhosis 


Transplant Dates 


5/17/89 
7/16/89 


9/2/89, 11/4/90, 
11/16/90, 12/30/90 


10/8/86, 8/29/89 


Age, y 


7/3/89 
6/10/90 
7/7190, 7/18/90 
4/23/89, 7/11/89 


2/24/89 


1/30/89, 2/24/89 


5/27/89 
7/22/88 
12/20/88, 12/21/88 


Date of OKT3 
Administration 


5/18-27/89 
7131-8/6/89 
30/1-13/89 


1™26-12/7/88 


7°20-8/4/89 


6/12-23/90 


7/9-25/90 


53/12-23/89 


3/4-15/89 


1.30-2/8/89 


15-28/89 
8/8-17/88 
12/23/88-1/7/89 


Date of Death 


8/29/89 
12/30/90 


9/21/89 


9/24/90 


9/19/90 


7/30/90 


7/25/89 


4/9/89 


3/4/89 


10/25/89 
8/31/88 
1/18/89 


ss oe —S =o 


Cause of Death 


ARDS (bacterial, HSV) 


Cardiac arrest during 
fourth transplant 


FHF due to HAT, 
bacterial sepsis 


Ruptured appendicitis 


FHF due to hepatitis 
B, recurrent CA, 
bacterial sepsis 


Candida sepsis, PVT, 
pancreatitis 


Disseminated EBV, 
bacterial sepsis 


MSOF, sepsis 
(bacterial, Candida), 
CPM 


Disseminated 
aspergillosis, HSV 


Bacterial sepsis 
Bacterial sepsis 
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No. of Cases 





Cirrhosis, 
hepatoma 


Control 
Control Cirrhosis 


Control PSC, CA 


12/19/90 


7/23/90 


8/6/90 


MSOF, Candida sepsis 


"/7-20/91 3/1/91 MSOF, sepsis 


7-26-8/9/90 9/5/90 Disseminated 


aspergillosis 


8 24-9/8/90 1/11/91 Recurrent CA 





“PSC indicates primary sclerosing cholangitis; CPM, central pontine myelinotysis; PBC, primary biliary cirrhosis; ARDS, adult respira- 
tory distress syndrome; HSV, herpes simplex virus; BA, biliary atresia; FHF, fuiminant hepatic failure; HAT, hepatic artery thrombosis; 
CA, cholangiocarcinoma; PVT, portal vein thrombosis; EBV, Epstein-Barr virus; and MSOF, multisystem organ failure. 


0-2 2-4 4-8 8-12 
Time After Initial Dose of OKT3, wk 


Fig 3.— Timing of infection after OKT3 therapy in control patients. 
Most infections occurred within 4 weeks. Solid bars represent bac- 
terial infections (mean [+SD], 17+17 days); hatched bars, viral in- 
fections (20+16 days); and open bars, fungal infections (20+21 
days). 


fungi.'*’*'°'*~ The purpose of this study was to deter- 
mine whether these infections are amenable to regimens 
of prophylaxis. 

We and others have previously reported that CMV 
is the most important pathogen in clinical trans- 
plantation.'*"” Viral disease is a frequent source of mor- 
bidity but rarely a direct cause of mortality after liver 
transplantation.“ However, the presence of viral disease 
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No. of Cases 





Time After Initial Dose of OKT3, wk 


Fig 4.— Timing of infection after OKT3 therapy in patients receiving 
prophylaxis. A delayed onset of viral infections was noted. Solid 
bars rep»esent bacterial infections (mean [+SD], 13+12 days); 
hatched oars, viral infections (31+25 days); and open bars, fungal 
infections (21+27 days). 


may incicate severe depression of host defenses and cor- 
relate with the development of other opportunistic infec- 
tions that result in mortality. Methods of preventing viral 
infection include (1) selection of livers from seronegative 
donors; (2) use of seronegative blood products; (3) passive 
immunization with IVIG; (4) active immunization with a 
vaccine; (5) the use of immunomodulators such as inter- 
feron alfa; (6) prophylaxis with antiviral agents such as 
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OKT3 Prophylaxis 




































OKT3 Control 
A Group, No. (%) Group, No. (%) 
(n=50) (n=50) 
rere ee oo" re ee ON 
Rescue Induction Rescue Induction 
Variable (n=32) (n=18) P (n=32) (n=18) 
Viral 
infections 
Major 12 (37.5) 13 (72.2) .04 7 (21.9) 8 (44.4) .18 
Minor 9 (28.1) 8 (44.4) NS 5(15.6) 4 (22.2) NS 
Total 17 (53.1) 16 (88.9) .01 11 (34.4) 11 (61.1) .13 
Fungal 
infections 
Major 5 (15.6) 70 (55.5) .008 3 (9.4) 3 (16.7) NS 
Minor 2 (6.2) 5 (27.8) .05 4 (12.5) 2 (11.1) NS 
oy Total 7 (21.9) 74 (77.8) .0002 7 (21.9) 4 (22.2) NS 
Bacterial 
infections 
Major 16(50) 15 (83.3) .04 15 (46.9) 13 (72.2) .15 
Minor 15 (46.9) 7 (38.9) NS 18 (56.2) 9(50) NS 
Total 24 (75) 17 (94.4) . 25 (78.1) 15 (83.3) 





*NS indicates not signivicant. 


acyclovir, ganciclovir, or foscarnet (phosphonoformate); 
and (7) combination strategies.* 

Passive administration of antibody with intravenous 
IVIG or high-titer CMV hyperimmune globulin has met 
with limited success after transplantation.*”*™ The ben- 
eficial effect of passive immunization has been attributed 
to its ability to neutralize CMV. Alternatively, the IVIG 

> preparation may exert its effect through potentiation of 
antibody-dependent cell-mediated cytotoxicity responses 
or blocking cytotoxic T-cell recognition of virus-infected 
cells by antibodies directed toward major histocompati- 
bility complex antigens rather than viral antigens. Al- 
though a number of studies suggest that the administra- 
tion of CMV hyperimmune plasma, IVIG, or 
hyperimmune globulin may result in a decrease in the in- 
cidence of symptomatic CMV infections, there are few 
ata to support the contention that these hyperimmune 
preparations have any advantage over standard IVIG 
products. Due to the lack of commercial availability and 
expense of CMV hyperimmune globulin, we selected a 

4 standard IVIG preparation (Gammagard) that has CMV 
neutralization titers comparable with the hyperimmune 
products.” 

Since the efficacy of IVIG therapy alone in liver trans- 
plant recipients has not been well established, we elected 
to add acyclovir to our regimen of prophylaxis. Acyclovir 
is virostatic and inhibits viral replication by interfering 
with DNA synthesis in herpesviruses.*** Among the hu- 
man herpesviruses, herpes simplex is the most sensitive 
to acyclovir, followed by varicella-zoster, Epstein-Barr vi- 
rus, and CMV.” The efficacy of acyclovir in both the pre- 
vention and treatment of herpes simplex infections after 
transplantation has been described well.” Although 
CMV strains are much less sensitive to acyclovir than 
herpes simplex virus, studies in allogeneic bone marrow 

\&~ transplant recipients receiving high-dose intravenous 
acyclovir and in renal transplant patients receiving high- 
dose oral acyclovir have reported a significant reduction 
in the incidence or severity of CMV infection.” ”° Gan- 
ciclovir is quite active against CMV both in vitro and in 
vivo, but is only available in an intravenous form and has 
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significant marrow-suppressive effects, making it more 
problematic for long-term prophylaxis. 

Previous studies have reported a high incidence of op- 
ortunistic infections associated with the use of 
OKT3. 214161822 The period of greatest risk is the first 
month but may extend up to 3 months after OKT3 ther- 
apy. Intravenous immune globulin has a reported half-life 
of 21 to 24 days. Differences in extravascular fluid distri- 
bution, binding to tissues, and catabolism contribute to a 
high interpatient variation in the half-life of IVIG. We 
based our regimen of IVIG prophylaxis (three doses in the | 
first week of OKT3 therapy) on the premise that profound | 

T-cell depletion occurs early during OKT3 therapy but is 

rapidly reversible after completion. The additional three 

doses of IVIG at weekly intervals were added to provide 
protection during the period of greatest infectious risk 
while also maintaining high CMV neutralization activity 
in spite of potential variation in the half-life. This regimen | 
was designed to provide IVIG protection up to 6 weeks 
after completing OKT3 therapy. It was also designed to 
take into account logistic factors (a 6-hour continuous in- 
travenous infusion) such that the majority of IVIG doses 
| 





could be administered while patients were still hospital- 
ized. 

Oral administration of acyclovir was selected to mini- 
mize potential additive toxicity with immunosuppressive 
agents (especially cyclosporine). Gastrointestinal absorp- 
tion of acyclovir is estimated at 15% to 30% of the oral 
dose.” The half-life of acyclovir is 2 to 4 hours. A 
medium-dose oral acyclovir regimen was employed in 
this study to provide efficacy and minimize toxic effects. 

Previous studies have shown that donor and recipient 
CMV serologic status are highly predictive for the subse- 
quent development of CMV disease after liver transplan- 
tation. 4166385! Primary CMV exposure is the most im- 
portant risk factor, while the use of antilymphocyte 
therapy (especially OKT3) is the most prevalent factor 
predictive of the subsequent development of CMV dis- 
ease. It is interesting that our regimen of prophylaxis is 
highly effective in preventing primary CMV infection,” 
but is virtually ineffective in preventing CMV infection 
after OKT3 therapy. Since the regimen of prophylaxis was 
effective in preventing primary CMV infection, we do not 
believe that the potential bias introduced into this study 
by placing patients with primary CMV exposure into the 
prophylaxis group detracts from the study findings. Be- 
cause recipient CMV seropositivity was a significant risk 
factor for CMV disease after OKT3 therapy in this study, 
it appears that the regimen of prophylaxis had no activity 
against CMV reactivation. 

A major finding of this study was the safety and efficacy 
of IVIG and acyclovir prophylaxis in preventing non- 
CMV viral and fungal infections after OKT3 therapy in a 
randomized trial. A significant reduction in the incidence 
of herpetic and Epstein-Barr viral infections may be 
attributable to acyclovir, but the decrease in the incidence 
of fungal infections and fewer deaths due to sepsis were 
unexpected findings. Since only two deaths were due to 
viral sepsis, it is suggested that IVIG did have a positive 
effect. The beneficial effect of IVIG in reducing fungal in- 
fections after transplantation is not unprecedented. Ithas 
previously been reported that IVIG preparations may re- 
duce the incidence of fungal and bacterial infections in 
bone marrow transplant recipients.**? Castaldo et al” 
have previously reported their experience with fungal in- 
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fections after liver transplantation, and no other explana- 
tion could be found for the reduction in fungal infections 
seen in the prophylaxis group. 

The regimen of prophylaxis had no effect on the 
incidence, timing, or severity of bacterial infections after 
OKT3 therapy. However, the onset of viral infection after 
OKT3 therapy was delayed by prophylaxis. A number of 
“late” viral infections occurred in the prophylaxis group 
after 1 month, which corresponded to the time at which 
IVIG administration was stopped. 

It was somewhat surprising that the incidence of major 
infections was significantly higher after OKT3 induction 
than after rescue therapy, given that OKT3 rescue is usu- 
ally performed in the setting of heavy immunosuppres- 
sion. However, the risk of infection after OKT3 induction 
may be increased during the immediate posttransplant 
period when immunosuppression is begun and surgical 
or technical complications usually occur. 

In summary, opportunistic infections occur commonly 
after OKT3 therapy in hepatic allograft recipients. Pro- 
phylaxis with IVIG and acyclovir is safe and effective in 
preventing non-CMYV viral and fungal infections in this 
setting, thus conferring a survival advantage with fewer 
deaths due to sepsis. However, no demonstrable effect 
was noted on the incidence or severity of CMV or bacte- 
rial infections, suggesting the need for more effective 
strategies of prophylaxis to further reduce the incidence 
of opportunistic infections after OKT3 therapy. 
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Discussion 


RICHARD L. SIMMONS, MD, Pittsburgh, Pa: The liver transplant 
results are outstanding, and the team is to be congratulated. I 
have a few questions. 

1. In the paper it states that anumber of patients were entered 
into this trial who were concurrently on another trial, a prophy- 
laxis trial of CMV-seropositive to CMV-seronegative recipients. 
I wish you would clarify that because with two trials going on, 
the randomization may be compromised. 
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2. The major question concerns drug dosing. The acyclovir 
dose is too low to be prophylactic for cytomegalovirus. When 
Balfour was designing the trial for acyclovir prophylaxis in kid- 
ney transplant patients, he fed acyclovir in various doses to kid- 
ney transplant patients, measured blood levels, and found that 
about half of the CMV isolates would be sensitive to the acyclo- 
vir in the bloodstream of those patients. He used a dose of 800 
mg five times a day, if I remember correctly. You are using half 
that dose and in patients in whom the absorption is totally un- 
predictable. Therefore, the results which show that you can re- 
duce herpes simplex virus infection (a virus very sensitive to 
acyclovir), aren’t surprising, nor is the finding that you can’t 
suppress CMV. Did you do blood levels of acyclovir? How did 
you give the acyclovir when the patients were not able to take 
it orally? 

Do you know the various antimicrobial antibody levels in the 
immunoglobulin preparation? This is important because the 
most wonderful result of this study is that fungal infections are 
reduced. I’d like to know what might be in the intravenous im- 
munoglobulin preparation which would suggest that there is 
some antifungal activity there. 

DAVID L. DUNN, MD, PHD, Minneapolis, Minn: I was won- 
dering exactly how you defined incidence and the relation of 
CMV to other viral infections. Was it based solely on cultures and 
seroconversion data or did you combine these? Second, how 
many patients actually went on to require treatment for a doc- 
umented CMV infection? Obviously, if you had fairly mild reac- 
tivation in one group that might bias your results, and in fact you 
would have shown efficacy as opposed to lack of efficacy in those 
patients with very severe infections that required DHPG ther- 
apy. 

ROGER W. YURT, MD, New York, NY: Do you routinely screen 
these individuals for other infectious disease titers and have you 
cultured these individuals to know whether they may be colo- 
nized at any time with various organisms? If the patients were 
colonized initially then it is possible that they selectively might 
be more likely to become infected. Was colonization the same 
throughout the patient population? 

DR STRATTA: With regard to Dr Simmons’ concerns, in our 
prophylaxis group of 50 patients, there were 36 patients who 
were truly randomized to the regimen of prophylaxis at the time 
of initiation of OKT3 therapy. The remaining 14 patients, who 
were primary CMV exposure, actually were receiving a similar 
regimen of prophylaxis which began at the time of transplanta- 
tion due to the fact that they were receiving a CMV seropositive 
donor liver and they were seronegative. Our mean time of ad- 
ministering OKT3 was 2 weeks after liver transplantation, so in 
those 14 patients they were actually receiving prophylaxis for 2 
weeks before receiving OKT3. The reason I included those in the 
trial was because when I broke down those 36 vs 14 and 
compared it to the 50 controls who were not receiving any pro- 
phylaxis, the results did not change. There was no added ben- 
efit of receiving prophylaxis before OKT3 in terms of the 
non-CMV viral or fungal infections. 

Our initial design of this protocol was to reduce CMV infec- 
tion and we failed in that regard. To answer one of Dr Dunn's 
questions, in the paper we did have a breakdown of major and 
minor bacterial, viral, and fungal infections. All of the CMV in- 
fections were treated with ganciclovir, and biopsy-proven dis- 
ease such as hepatitis, gastroenteritis, pneumonitis, or patients 
with positive blood cultures and symptoms such as fever, leu- 
kopenia, etc. These are not cases of what we would call CMV in- 
fection, but truly invasive CMV disease and there was no differ- 
ence in the two groups. 

Iagree with Dr Simmons’ comment that the acyclovir dose was 
inadequate for CMV. That is why we added IVIG to the regimen. 
In Dr Balfour's pioneering study, I believe that he had the lux- 
ury of using a higher dose of acyclovir because he was using a 
different immunosuppressive protocol, triple or quadruple im- 
munosuppression which tends to spare cyclosporine. Our pro- 
tocol is one of cyclosporine and prednisone alone, and we tend 
to use very high doses of cyclosporine relative to some of the 
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kidney transplant protocols. With the higher doses of cyclospo- 
rine, you really don’t have much of a therapeutic window to add 
agents such as acyclovir, which may have additive or synergis- 
tic nephrotoxicity. That was the reason for the compromise dose 
of acyclovir, knowing that it was probably an inadequate dose 
by itself for CMV but that was the reason for adding the IVIG. 

In patients who were early posttransplant or unable to take by 
mouth, the acyclovir was given per nasogastric tube. In terms of 
the IVIG product, we used the Baxter Hyland product, Gamma- 
gard, which actually is marketed in Europe as a CMV hyperim- 
munoglobulin. It has neutralization titers which are comparable 
to the Boston and Minnesota CMV hyperimmune products. I am 
unaware of any data looking at antifungal activity with the gam- 
maglobulin preparations, so I really can’t comment on that 
question. 

Certainly the decrease in the incidence of fungal infections was 
an unexpected finding. That was a surprise finding and a side 
benefit, and we presented our entire experience with fungal in- 
fections last year at this symposium. We were unable to really 





1734. 
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Haile T. Debas, MD, University of California, San Francisco, Department 
of Surgery, San Francisco, CA 94143-0104; (415) 476-1236; FAX (415) 476- 


come u> with any other reason why the control group had a 
greater mcidence of fungal infections and deaths due to Candida 
and Aspergillus. We really have to attribute it to the regimen of 
prophy exis, which as I mentioned is unexpected. When we 
looked at all other parameters such as level of immunosuppres- 
sion, number of reoperations, demographics, etc, we really 
could nox find any differences between the two groups. 

With respect to Dr Yurt’s comment regarding routine 
screening, we did routine virologic screening as part of this 
protoco. when patients were randomized, in terms of looking 
at CMV cultures of the blood, urine, throat. As part of our 
normal perioperative screening, we do perform CMV, HSV, 
and EBV serology, but usually do not act on it. In retrospect, 
looking at our incidence of EBV infections which are fortu- 
nately rare but usually life-threatening, we are beginning to 
use EBW serology prospectively and prophylaxing patients 
who are seronegative for EBV. Otherwise, all bacteriologic, 
mycologic, and virologic screening was done when clinically 
indicatec as part of the study. 
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Inhibitory Effects of Interleukin 6 on Immunity 


Possible Implications in Burn Patients 


Daoheng Zhou, MD; Andrew M. Munster, MD; Richard A. Winchurch, PhD 


e Certain disease states are associated with abnormal 
increases in the monokine interleukin 6. Increased levels of 
interleukin 6 have been demonstrated in serum from 
patients with burns and are associated with systemic 
increases in endotoxin levels. Using a murine in vitro 
experimental model, we have studied the effects of inter- 
leukin 6 on various measures of immunity. Our data indicate 
that levels equivalent to the concentrations found in serum 
of burn victims inhibit T-cell proliferation. The inhibitory 
effect is dose and time dependent, is specific for T cells, is 
not due to impairment of interleukin 2 production or of in- 
terleukin 2 receptor expression, and is dependent on mac- 
rophages. These data suggest that extraordinary increases in 
interleukin 6 levels may be related to impaired T-cell 
responses and to an increased susceptibility to infection in 
the patient with burns. 
(Arch Surg. 1992;127:65-59) 


cute thermal injury and multiple physical trauma im- 


pair the host immune defense network. This impair- 
ment manifests itself as a general demise of almost all im- 
mune functions. However, paramount among those 
functions compromised by injury is an impairment of 
cell-mediated immunity. Thus, traumatic injury inhibits 
delayed-type hypersensitivity responses’ and increases 
the rejection time of skin allografts.” Lymphoproliferative 
responses to mitogens” and recall antigens* are sup- 
pressed, as are lymphocytatoxic responses.° A major de- 
fect following thermal injury is the decrease in T-helper 
functions,® and this decrease is reflected in a reduced 
representation of CD4° lymphocytes.’ In the trauma vic- 
tim, the decline of T-cell-mediated immune functions is 
reflected clinically as an increased susceptibility to op- 
portunistic infections. 
The mechanism responsible for immunodepression in 
the burn and trauma victim has been the subject of intense 
study during the past decade. A number of reports have 
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indicated that unidentified serum peptides may be di- 
rectly responsible for these immune abnormalities.* Fur- 
thermore, an expanding body of evidence suggests that 
an increased burden of circulating endotoxin may con- 
tribute to the decline of cell-mediated immunity in the 
trauma victim.’ The relationship(s) between endotoxin 
exposure and the putative increase in immunosuppres- 
sive serum proteins has not been clearly established. Re- 
cently, a cause-effect relationship between elevated en- 
dotoxin levels and increases in serum concentrations of 
interleukin 6 (IL-6) has been established,’ but the role, if 
any, of high concentrations of IL-6 in mediating immu- 
nologic dysfunction remains unclear. 

In this article, we report that concentrations of IL-6 
comparable with those found in burn and trauma victims 
inhibit T- cell-mediated immune functions. This suppres- 
sive effect is selective for T cells, is mediated by macro- 
phages, and is due to IL-6-induced production of an ac- 
tive form of transforming growth factor B (TGF-B). 


MATERIALS AND METHODS 
Animals 
Male mice of the C57BI/6 strain were obtained from Jackson 
Laboratories, Bar Harbor, Me, at 5 to 8 weeks of age. Mice were 


kept on a 12-hour light-dark cycle and were given food and wa- 
ter ad libitum. 


Reagents 


The activity of murine recombinant IL-6 was quantitated by 
bioassay using the National Institutes of Health reference stan- 
dard IL-6 to generate a standard curve. Concanavalin A (ConA; 
Pharmacia Fine Chemicals, Piscataway, NJ) and LPS 055:B5 
(Difco Labs, Detroit, Mich) were also used. 


Cell Cultures 


Cell cultures were initiated by isolating splenic mononuclear cells 
from Ficoll-Isopaque gradients and diluting the washed cells in 
RPMI 1640 supplemented with 10% fetal bovine serum (Hyclone 
Labs, Logan, Utah), 5x 1075 mol/L of 2-mercaptoethanol, and an- 
tibiotics. Routinely, 3 x 10° cells per milliliter were cultured for 72 
hours in the presence of activators and immunomodulators, and 
proliferation was assayed by tritiated thymidine incorporation. 


IL-2 and IL-2 Receptor (IL-2R) Determinations 


Interleukin 2 concentrations were measured by bioassay using 
the IL-2-dependent cell line CTLL-16, as described previously.” 
Cell-surface IL-2R expression was measured by flow cytometry 
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Fig 1.—Cells were incubated for 72 hours in vitro with 2 mg/L of 
concanavalin A (ConA; closed bars) or 20 mg/L of LPS 055:B5 (shaded 
bars) in the presence or absence of graded concentrations of inter- 
leukin 6 (IL-6). Proliferation was determined by the incorporation of 
tritiated thymidine. In the absence of IL-6, ConA proliferation was 
33 000 cpm and LPS 055:B5 proliferation was 25 000 cpm. 


using biotinylated PC 61 anti-IL-2R antibody and fluorescein 
isothiocyanate-coupled streptavidin. 


IL-6 Assay 
Interleukin 6 was measured using the B9 bioassay accord- 
ing to the procedures of Helle et al! as described previ- 
ously, !° 


RESULTS 
IL-6 Regulation 


The effects of varying concentrations of IL-6 on T- 
and B-cell proliferative responses were examined using 
an in vitro model employing murine splenic lympho- 
cytes. As shown by the data in Fig 1, inhibition of 
ConA responses was manifest at concentrations in ex- 
cess of 100 U/mL. A log linear dose-dependent sup- 
pression was noted at IL-6 concentrations between 100 
and 4000 U/mL (r=.982, P< -001). Maximal suppression 
was routinely on the order of 40% to 60% of control 
values, and only rarely did the suppression exceed 
60%. Below 50 U/mL, there was no apparent inhibitory 
effect. In contrast, the same concentrations of IL-6 
caused a dose-dependent enhancement of B-cell prolif- 
erative responses activated by LPS 055:B5, which was 
also linear over the range of concentrations tested 
(r= .989, P<.001). The lack of inhibition of B-cell re- 
sponses even at high concentrations indicated that the 
Suppression of T-cell responses was not due to any 
inherent toxicity of the IL-6. 


IL-2 Production 


The mechanism underlying the inhibition of T-cell pro- 
erative responses was examined. Certain T-cell prolif- 
erative responses are IL-2 dependent. When the levels of 
IL-2 produced in the cultures containing ConA plus IL-6 
were compared with the IL-2 produced by ConA- 
stimulated control cultures, we observed no diminution 
of IL-2 production. In fact, the level of the IL-2 produced 
by the culture containing IL-6 was slightly increased over 
that elicited by ConA alone. Similarly, the expression of 
the IL-2 receptor on T cells treated with ConA plus IL-6 
was also increased slightly over the expression observed 
in control (ConA) cultures (December 1990). While IL-2 
production was normal and the expression of receptor 
was unimpaired, it was, nevertheless, possible that IL-6 
blocked IL-2-induced signal transduction. To examine 
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Fig 2.—Proliferative responses of unseparated (closed circles) and 
adherent cell (macrophage)-depleted mononuclear cells (open cir- 
cles) expesed to varying concentrations of interleukin 6 (IL-6). 
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*IL-6 and IL-2 indicate interleukin 6 and 2. 


this possibility, cells were incubated for 48 hours with 
ConA to induce the expression of IL-2R, washed, and re- 
incubated with varying concentrations of IL-6 in the 
presence or absence of 50 U/mL of IL-2. Proliferation was 
assayed 48 hours later. If IL-6 interfered with IL-2 signal 
transduction, we would expect to find a dose-dependent 
inhibition of the response to exogenous IL-2 at or above 
100 U/mL of IL-6. The data illustrated in Table 1 showed 
the contrary. The proliferative response to IL-2 in the ab- 
sence of IL-6 was not significantly different from the re- 
sponse in the presence of concentrations of IL-6 ranging 
from 50 to 2000 U/mL. Clearly, IL-6 did not interfere with 
IL-2 signal transduction. 


Macrophage Involvement 


The effect of IL-6 on macrophage-dependent pro- 
cesses was next studied. Macrophages produce a vari- 
ety of factors known to regulate T-cell responses, and 
it was possible the IL-6 was activating macrophage 
production of one or more of these factors. A compar- 
ison of I_-6-induced suppression in cultures depleted 
of adherent macrophages with intact, unseparated pop- 
ulations of cells revealed that macrophages were in- 
deed responsible for the Suppressive effects of IL-6. 
The data in Fig 2 showed that the removal of macro- 
phages completely abolished the suppressive effects of 
IL-6. In fact, cultures devoid of macrophages showed 
an increased proliferative response in the presence of 
increasing concentrations of IL-6. 
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Fig 3.— Concanavalin A-activated cells were incubated with varying 
concentrations of interieukin 6 (IL-6). Graded amounts of recombi- 
nant tumor necrosis factor a (TNF-a) were added at time 0, and the 
incubation continued for 72 hours. Proliferative responses were 
determined by tritiated thymidine incorporation. Open circles 
indicate no IL-6; closed circles, 160 U of IL-6; open squares, 500 U 
of IL-6; and closed squares, 1000 U of IL-6. 


Tumor Necrosis Factor 


Tumor necrosis factor a (TNF-a) has come under sharp 
scrutiny in recent years as a mediator of the body’s 
response to infection. 1: Tumar necrosis factor is produced 
by macrophages and is believed to play an increasingly 
important regulatory role in the response to trauma. 
Moreover, endotoxins are potent activators of TNF-a 
production.” The possible role of TNF-a in IL-6-induced 
suppression was evaluated in a series of experiments. The 
first question concerned whether TNF, of itself, could in- 
hibit ConA-activated lymphcproliferative responses. The 
second question was whether TNE could synergize with 
IL-6 in suppressing responses. The data illustrated in Fig 
3 show that TNF over a broac concentration range had no 
effect on lymphocyte proliferative responses to ConA. 
Moreover, Fig 3 also shows that concentrations of TNF 
from 0 to 100 U/mL did not enhance or abrogate the abil- 
ity of IL-6 to suppress the response. 


TGF-B 


Macrophages also produce TGE-B, a cytokine known to 
be a potent regulator of T-cell-mediated proliferative re- 
sponses. When IL-€-suppressed cultures were incubated 
in the presence of antibodies specific for TGF-B; and 
TGF-f,, we observed a dramatic reversal of the suppres- 
sion. Thus, the data in Table 2 show that 5 uL per well of 
anti-TGF-B, and 10 uL per well of anti-TGF-B, completely 
reversed the inhibition induced by 2000 U/mL of IL-6. The 
neutralizing potency of the antisera indicated that the 
levels of TGE-B, ranged from 4 to 20 ng/mL and that lev- 
els of TGF- ranged from 2 to 4 ng/mL. The antibodies 
employed in these studies only recognized the active 
forms of TGF-B. The fact that both antisera abrogated IL- 
6-induced suppression indicated that IL-6 either induced 
production of active TGF-B or activated latent TGF-B al- 
ready present. 


COMMENT 


Interleukin 6 is a cytokine that has been shown to reg- 
ulate B-cell differentiation and immunoglobulin secre- 
tion, plasmacytoma and hybridoma growth, T-cell acti- 
vation and thymocyte prolieration, and hematopoietic 
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Table 2.—Effect of Anti-TGF-8 Antiserum on IL-6 
Suppression of ConA Response* 


cpnv/Culture 


















ConA + IL-6 


Medium 32 870 12109 
Control serum, 10 38 708 22 677 
Anti-TGF-B1 
1 hee 14103 
5 [eh 49 464 
10 52011 50 820 


Anti-TGF-B2 
14687 





*TGF—B indicates transforming growth factor B; IL-6, interleukin 


6; and ConA, concanavalin A. 


stem-cell growth (see Akira et al! for review). Interleukin 
6 has also been associated with antiviral activity, stimu- 
lation of the acute phase response,” and the induction of 
fever.!2 Certain clinical conditions have been shown to be 
associated with abnormally high increases in IL-6 level. 
Many of these conditions, including neoplasia, trauma, 
and infection with bacterial and viral agents, are charac- 
terized by abnormal immune responses. Cerebrospinal 
fluid from patients with bacterial and viral meningitis 
contains increased concentrations of IL-6. Normal hu- 
man monocytes produce IL-6 when infected with human 
immunodeficiency virus (HIV), ? and serum from HIV- 
infected patients contains elevated concentrations of 
IL-6.2 The level of IL-6 is also increased in serum from 
patients with renal transplants shortly after receiving 
grafts and during episodes of rejection.” 

Endotoxins are known to activate IL-6 synthesis,” and 
IL-6 levels are increased in conditions that are associated 
with endotoxemia, such as physical trauma and thermal 
injury. Previous studies from our laboratory had estab- 
lished that immunocompromised patients suffering from 
acute thermal injury display high levels of serum IL-6.” 
In some of these patients, serum IL-6 concentrations 
reached levels of 3000 to 9000 B9 U/mL. Ertel et al” 
showed similar increases of more than 2000 U/mL in T-cell 
supernatants from patients suffering from major physical 
trauma. These concentrations are comparable with con- 
centrations found in the cerebrospinal fluid of patients 
with acute bacterial meningitis (up to 500 ng/mL). Plasma 
and peripheral blood mononuclear cell supernatants from 
HIV-infected patients manifested similar increases in IL-6 
levels.” 

Our data suggest that abnormally high increases in IL-6 
level may be responsible for changes in the immunologic 
profile in these patients. Thus, high IL-6 concentrations 
impair T-cell responses under conditions in which B-cell 
proliferation was enhanced. The fact that IL-6-induced 
inhibition was limited to 40% to 60%, considered along 
with the observations that IL-2—-mediated responses were 
not inhibited, suggests that only specific subsets of T cells 
are affected. Further data indicate that IL-6 is not directly 
inhibitory even at high concentrations. Thus, the addition 
of IL-6 to macrophage-depleted cells produced no inhib- 
itory effects. This observation suggests that, in the pres- 
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ence of IL-6, macrophages generate one or more suppres- 
sive factors. When IL-6-suppressed cultures containing 
macrophages were treated with neutralizing antibodies 
against TGF-B, the inhibition was completely reversed. 
These data indicate that IL-6 can either induce macro- 
phage production of the active form of TGF-B or can in- 
duce macrophage synthesis of enzymes capable of acti- 
vating latent TGF-ß. 

The resultant increases in the active form are directly 
responsible for the inhibition of T-cell proliferation. Such 
increases may also play a salient role in regulating the 
immune response in the burn and trauma victim. Since 
TGF-B is believed to play a role in wound healing,” the 
concomitant immunosuppression attributable to this cy- 
tokine may be an unfortunate side effect. In a number of 
studies, TGF-B has been shown to impair both T-cell and 
thymocyte proliferative responses.” Recently, TGF-8 has 
also been shown to enhance the replication of HIV in cul- 
ture.” However, it remains to be shown whether abnor- 
mal levels of IL-6 and/or TGF-B contribute to the immu- 
nosuppression associated with HIV infection, cancer, or 
polyclonal B-cell autoimmune phenomena. 


CLINICAL RELEVANCE 


The clinical implications of increased levels of circulat- 
ing IL-6 in burn and trauma victims have not been fully 
assessed. Although a number of studies have shown that 
increases in IL-6 level seem to be an integral part of the 
body’s response to traumatic injury, the full impact of 
these increases on the host’s immune defenses have not 
been examined in detail. Our data suggest that large in- 
creases in IL-6 levels may compromise the immune sys- 
tem and thus may contribute to the incidence of infectious 
Sequelae in the trauma victim. 
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Discussion 


ROGER W. YURT, MD, New York, NY: Thank you, Dr Pruitt. 
Based or the clinical observations as outlined, the authors have 
looked ir more detail at the potential relationship between IL-6 
level and its relationship to endotoxin after burn injury. In their 
studies presented today, IL-6 appeared to show dose-dependent 
inhibition of T-cell activation. This appeared to be dependent on 
macrophages. It may be TGF-8 mediated and it does not appear 
to be due to effects on IL-2 production or IL-2receptor 
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expression based on their presentation and their manuscript. In 
addition, they noted «hat IL-6 enhanced B-cell proliferation. 

One of the concerns in this type of study is drawing a conclu- 
sion relating correlation cf one phenomenon with the other, and 
in particular in the burn literature this has been a problem at 
times in the past, since it appears that many times multiple 
changes are occurring, particularly after the acute phase of 
injury, and it is very difficult tc relate cause and effect. 

I have three questions. In the TGF-f antisera experiments, the 
antisera to TGF-8, and the antisera to TGF-B, blocked the effects 
of IL-6. In fact, there is some suggestion that the control sera ap- 
peared to do somewhat of the same in the one experiment pre- 
sented. Are you convinced that you are showing a specific an- 
tisera effect in those experiments? 

Number two, since it has already been reported that IL-6 has 
effects on T-cell activation, it is not clear what new data you are 
presenting. Could you clarify this. In relation to previous ques- 
tions, the question would also arise as to the paracrine effects of 
such a mediator anc whether in fact the levels that you are 
showing in serum might even reflect much higher levels on a lo- 
cal level, and I was wondering if you have carried this out and 
used concentrations higher than in your present experiments 
presented. 

Number three, since IL-6 also appears to enhance B-cell acti- 
vation as well, one might expect enhancement as well as 
suppression of the immune response by IL-6 at these levels. 
What do you anticipate would be the net effect on the immune 
system in such situations? 

JOHN A. MANNICK, MD, Boston, Mass: Dick, I enjoyed this 
very much. I have one question that has occurred to me listen- 
ing to this presentation. 

I think that your data would support your contention that it 
is TGF-B that is the product of the monocyte or macrophage in 
the system that is inhibiting lymphocyte proliferation, but 
another product of monocytes and macrophages stimulated by 
endotoxin is prostaglandin E,. Now, one would expect of course 
that PGE, would inhibit IL-2 production, which I gather was not 
inhibited, but have you looked at PGE, levels in your cultures of 
monocytes to find out whether indeed they are producing more 
of this inhibitory substance as well as TGF-? 

CAROL L. MILLER-GRAZIANO, PHD, Worcester, Mass: This is an 
interesting paper. Our laboratory is also interested in TGF-B. I 
was a little surprised that the TGF-f didn’t have any effect on 


Arch Surg—Vol 127, January 1992 


your LPS-induced B-cell proliferation, because in general TGF-f 
is suppressive to B-cell proliferation. Could a concentration or 
dose difference be causing this effect? Have you done any back 
experiments increasing the TGF-B concentrations? 

STEVEN E. CALVANO, PHD, New York: Removal of macro- 
phages or monocytes from your cultures should have led to a 
decrease in ConA-induced proliferation. Complete removal of 
monocytes or macrophages leads to unresponsiveness to T-cell 
mitogens. Could you comment on this please. 

DR WINCHURCH: We quite agree that we are stretching the 
point a little if we imply any kind of cause-and-effect relation- 
ship. I think the key word is possible, as indicated by this talk. We 
are searching for mechanisms, and while we have not yet dem- 
onstrated mechanisms, I think our data demonstrate a potential 
mechanism that may be operative. 

Regarding the specificity of the antisera, it is true that the con- 
trol antisera does show some positive effects. Our contention is 
that the concentration of the control antisera somehow is inter- 
fering with the assay itself in a mechanistic way. It is a serum ef- 
fect. 

Is this new data on the regulation of T-cell activation? I think 
it is because no one has published anything concerning the in- 
hibitory effects of IL-6. Admittedly, these are not ordinary con- 
centrations. These are pathophysiologic concentrations, and we 
believe that this is the first report showing that extraordinary el- 
evations of IL-6 will inhibit certain lymphocyte functions. 

In response to Dr Mannick’s question regarding PGE, no, we 
haven't looked at prostaglandins precisely for the reasons you 
stated. PGE, seems to have a primary effect on the IL-2—mediated 
response, and the inhibition we observe seems to be completely 
independent of IL-2. 

Dr Miller-Graziano brings up a good point concerning the en- 
hancement of B-cell responses in our system. I think we are 
looking at multiple effects, a combination of IL-6 inducing T-cell 
inhibitory levels of TGF-B and resident IL-6 present in the cul- 
ture enhancing the B cells. I believe that if anti-IL-6 is added to 
neutralize IL-6 after induction of TGF-B, we should see the same 
kind of effects others have observed. 

Regarding Dr Calvano’s comment about macrophage re- 
moval. What we are showing is a percentage of the control re- 
sponse. When you take the macrophages out, you definitely get 
a diminution of responses. 
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Chloroquine Attenuates Hemorrhagic Shock—Induced 
Immunosuppression and Decreases Susceptibility to Sepsis 


Wolfgang Ertel, MD; Mary H. Morrison, MS; Alfred Ayala, PhD; Irshad H. Chaudry, PhD 


© Hemorrhagic shock causes a severe suppression of cellular 
immunity and an increased susceptibility to sepsis that may be 
due to increased release of prostaglandin E, by macrophages. 
Since chloroquine inhibits the secretion of prostaglandin E, by 
macrophages in vitro, the effects of chloroquine administra- 
tion in vivo following hemorrhagic shock on macrophage 
prostaglandin E, secretion and on depressed cellular immunity 
were examined. Inbred C3H/HeN male mice, aged 6 to 8 
weeks, were bled to a mean blood pressure of 35 mm Hg, 
which was maintained for 60 minutes, and adequately resus- 
citated. Mice then received intramuscular injections of either 
saline (vehicle) or chloroquine (10 mg/kg of body weight). 
Prostaglandin E, in macrophage supernatants (radioimmu- 
noassay) concanavalin A-dependent splenocyte proliferation, 
and interleukin 2 in splenocyte supernatants (CTLL 20 inter- 
leukin 2~dependent proliferation) were determined 2 or 24 
hours later. Hemorrhage caused a significant decrease of 
splenocyte proliferation (47%) and interleukin 2 release (49%) 
at 24 hours, while prostaglandin E, secretion from macro- 
phages was elevated at 2 hours. Chloroquine treatment atten- 
uated depression of splenocyte functions and reduced pros- 
taglandin E, release. Furthermore, chloroquine treatment 
decreased the mortality of septic mice after hemorrhage to 
levels comparable with those of sham-operated mice. Thus, 
chloroquine may be a useful adjunct in the clinical setting for 
the treatment of shock-induced immunodepression and in- 
creased susceptibility to sepsis following hemorrhage. 
(Arch Surg. 1992;127:70-76) 


H emorrhagic shock and mechanical or surgical trauma 
have emerged as two interrelated pathophysiologic 
entities that produce detrimental effects on various com- 
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ponents of the immune system.!4 Hemorrhage per se is 
a pathophysiologic condition frequently encountered in 
surgical practice, arising either as a result of certain dis- 
ease processes (eg, acute bleeding from gastric ulcer) or in 
association with many types of traumatic or surgical inju- 
ries. Since mechanical and surgical trauma includes a 
wide array of pathophysiologic alterations as well as a 
significant blood loss, a model of hemorrhagic shock 
without significant tissue trauma has been used to dissect 
the putative immunologic effects of simple hemorrhage 
from the immunosuppression associated with insults 
such as severe tissue trauma. Previous studies have 
shown that simple hemorrhage produces a marked and 
prolonged suppression of T-lymphocyte®** and 
B-lymphocyte’ functions that persisted for more than 5 
days, despite adequate fluid resuscitation, following 
hemorrhagic shock. These defects of various immune re- 
sponses led to increased mortality in the face of septic 
challenge.® 

In addition to suppression of T lymphocytes and B 
lymphocytes, there is a significant increased release of 
inflammetory mediators (ie, cytokines and arachidonic 
acid metabolites) by macrophages following hemorrhagic 
shock.”"° Recent studies from our laboratory have shown 
that the capacity of Kupffer cells to produce tumor necro- 
sis factor x (TNF-a, cachectin) and interleukin 6 (IL-6) was 
markedly enhanced following hemorrhage." Further- 
more, TNF-a was found to induce immunosuppression 
indirectly through activation of macrophages to release 
mediators such as IL-6 and prostaglandin E, (PGE,).!29 
The increased production and release of arachidonic acid 
metabolites, particularly PGE,, have been shown in sev- 
eral in vitro studies to significantly suppress macrophage 
antigen presentation function,’ major histocompatibility 
complex elass II antigen expression,” and IL-1 release" as 
well as T- and B-lymphocyte functions.” 

Chloroquine diphosphochloroquine, which is widely 
used for the treatment of malaria! and rheumatoid 
arthritis," was found to selectively inhibit the potency 
of macrcphages to secrete TNF, IL-6, and PGE, in 
vitro.” Although these in vitro effects of chloroquine 
are promising, it remains unknown whether chloro- 
quine acministration in vivo following hemorrhagic 
shock has any beneficial effects on hemorrhage- 
induced -mmunosuppres- sion and increased suscepti- 
bility to sepsis. The aim of this study, therefore, was 
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to determine whether in vivo administration of chloro- 
quine before or after hemorrhagic shock has any benefi- 
cial effect on various parameters of cellular immunity. In 
addition, the ability of chloroquine to reduce the host's 
mortality in the face of a septic challenge following hem- 
orrhagic shock and resuscitation was examined. 


MATERIALS AND METHODS 
Animals 


Inbred C3H/HeN male mice (Charles River Breeding Labora- 
tories, Portage, Mich), aged 6 to 8 weeks, weighing 20 to 25 g, 
fasted for 18 hours before the experiment, but were allowed wa- 
ter ad libitum. All animal studies were carried out according to 
the guidelines set forth by the Animal Welfare Act and the Guide 
for the Care and Use ef Laboratary Animals, National Institutes 
of Health publications. 


Hemorrhage Model 


Hemorrhage was induced as described by Stephan et al.° 
Briefly, mice were lightly anesthetized with methoxyflurane, 
and one femoral artery was cannulated with PE-10 tubing (Clay 
Adams, Parsippany, NJ) under aseptic conditions. Mice were 
heparinized with beef lurg heparin (80 U/kg of body weight; The 
Upjohn Co, Kalamazoo, Mich), restrained in a supine position, 
and allowed to awaken. The implanted catheter was used for 
blood pressure (BP) moritoring and bleeding through a three- 
way stopcock. A mean+SEM blood volume of 0.75+0.03 mL in 
the vehicle-treated group, 0.76+0.04 mL in the group treated 
with chloroquine before hemorrhage, and 0.76+0.03 mL in the 
group treated with chloroquine after hemorrhage was removed 
to achieve a mean BP of 35 mm Hg within 10 minutes. The pre- 
hemorrhage BP was 105.5+1.7 mm Hg in the vehicle-treated 
group, 107.2+1.5 mm Hg in the group treated with chloroquine 
before hemorrhage, and 107.8+1.9 mm Hg in the group treated 
with chloroquine after hemorrhage. This BP was maintained for 
60 minutes and was fellowed by reinfusion of the shed blood and 
Ringer's lactate solution (twice the shed blood volume) to pro- 
vide adequate fluid resuscitation. 

Mice that underwent hemorrhage responded to resuscitation 
with a rapid increase of BP dose to prehemorrhage values: 
97.8+3.2 mm Hg in the vehicle-treated group, 98.3+2.5 mm Hg 
in the group treated with chloroquine before hemorrhage, and 
101.2+2.5 mm Hg in the group treated with chloroquine after 
hemorrhage. Chloroquine (10 mg/kg of body weight), which was 
dissolved in a total volume of 0.1 mL of saline, was injected in- 
tramuscularly either Z hours prior to hemorrhage or immediately 
following resuscitation. The vehicle-treated group received an 
intramuscular injection of 0.1 mL of saline. After resuscitation, 
the catheters were removed and the groin incisions closed. Con- 
trol (sham) animals underwent the same anesthetic and surgical 
procedures, which included ligation of one femoral artery, but 
hemorrhage was not induced. Furthermore, the effect of chloro- 
quine on normal animals was investigated, and either saline or 
chloroquine was injected intremuscularly (10 mg/kg of body 
weight). 


Cell Preparations 


The animals were killed 2 or 24 hours following hemorrhage 
and resuscitation, and peritoneal macrophages were harvested 
by lavage as described previously.® The spleen of each animal 
was aseptically removed and placed in separate sterile plastic 
dishes containing cold (4°C) Click’s medium (Irvine Scientific, 
Santa Ana, Calif). Splenocyte cultures were prepared as de- 
scribed by Stephan et a..° 

The viability of all cell preparations was tested using Trypan 
Blue exclusion. No differences concerning cell viability and cell 
yields between the four experimental groups or time points were 
observed. The purity cf peritoneal macrophage cultures was 
greater than 95% macrophages tested with nonspecific esterase 
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staining and a rat antimouse macrophage monoclonal antibody 
F4/80 (Bioproducts Inc, Indianapolis, Ind). 


Splenocyte Proliferation Assay 


Splenocytes were resuspended in RPMI 1640 (Gibco BRL, 
Grand Islands, NY) containing 10% fetal bovine serum (Biologos 
Inc, Naperville, Ill) at a final concentration of 1x 10° cells per 
milliliter, One hundred microliters of this cell suspension was 
added to a 96-well microtiter plate. Splenocytes were stimulated 
with concanavalin A (Pharmacia LKB Biotechnology Inc, Piscat- 
away, NJ) at a final concentration of 2.5 mg/L. Cell cultures were 
incubated for 48 hours at 37°C in a 5% carbon dioxide atmo- 
sphere. Splenocyte proliferation was measured with tritiated 
thymidine incorporation technique, as described earlier." 


Assessment of Lymphokine Release 


Splenocytes, adjusted to a concentration of 1x 10° cells per 
milliliter in RPMI 1640 with 10% fetal bovine serum, were stim- 
ulated with 2.5-mg/L concanavalin A for 24 hours at 37°C in a 5% 
carbon dioxide atmosphere. At the end of the incubation time, 
the supernatants were removed, filtered, aliquoted, and frozen 
at —70°C until assayed. Measurement of IL-2 was carried out 
using the cell line CTLL 20, as previous described.” The CTLL 
20 cells do not only respond to IL-2, but also to IL-4 and 
granulocyte-monocyte colony-stimulating factor. Samples with 
high amounts of IL-2 were remeasured for IL-2 in the presence 
of the monoclonal antibody 11B11 (provided by Dr C. Janeway, 
New Haven, Conn), which neutralizes IL-4. The proliferation of 
the CTLL 20 cells, in the presence and absence of antibody- 
treated supernatants, was not significantly different. This indi- 
cates that the amount of IL-4 present in splenocyte cultures was 
too small to affect the measurements of IL-2. However, we did 
not investigate the effect of GM-CSF. 


Assessment of PGE, Production 


Peritoneal macrophages were allowed to adhere onto a 24-well 
plate (1x 10° macrophages per milliliter per well) for 5 hours. 
Nonadherent and dead cells were removed by washing the wells 
five times followed by a 24-hour incubation time (37°C, 5% car- 
bon dioxide) with 10 yg of lipopolysaccharide (LPS) from Escher- 
ichia coli 055:B5 (Difco Labs, Detroit, Mich) per milliliter of Click’s 
medium with 10% fetal bovine serum. The peritoneal macro- 
phage supernatants were harvested, filtered, aliquoted, and 
stored at —70°C until assayed for PGE. 

The amounts of PGE, present in the macrophage supernatants 
were determined with a radioimmunoassay kit (DuPont NEN, 
Boston, Mass) (crossreactivity with PGE;, 3.7%; dihydro-keto 
PGE,, 0.4%; PGA,, 0.4%; and other PGs and arachidonic acid, 
<.03%)." 


Sepsis Following Hemorrhage 


Additional studies were performed to determine the effect of 
chloroquine treatment on mortality following hemorrhagic 
shock and sepsis. To create a septic focus, cecal ligation and 
puncture (CLP) was carried out as described previously.*” In 
brief, on the third day following hemorrhagic shock (with and 
without posttreatment with chloroquine) or sham operation, 
mice were lightly anesthetized with methoxyflurane, and a 1-cm 
midline incision was made. The cecum was isolated and a 5-0 silk 
ligature was placed around it, ligating the cecum just below the 
ileocecal valve. The cecum was then punctured twice with a 22- 
gauge needle and returned to the peritoneal cavity, and the ab- 
dominal incision was closed in two layers. Care was taken to en- 
sure that the puncture holes remained patent. Normal saline (4 
mL per 100 g of body weight) was then administered subcuta- 
neously. Survival was determined over a period of 7 days 
following CLP. 
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Fig 1.— Capacity of splenocytes (1 x 10° cells per well) to proliferate 
(counts per minute) in the presence of 2.5-mg/L concanavalin A 2 


was measured using tritiated thymidine incorporation. Vehicle- 
treated animals that underwent hemorrhage (n= 6) were compared 
with sham-operated animals (n= 6) and animals treated with chlo- 
roquine (intramuscular injections of 10 mg/kg of body weight) be- 
fore hemorrhage (n=6) or after hemorrhage (n=6). The data are 
presented as mean+SEM. The asterisk indicates P<.05 for the 
vehicle-treated group that underwent hemorrhage vs the sham- 
operated group; and the dagger, P<.05 for chloroquine-treated 
groups that underwent hemorrhage vs the vehicle-treated group 
that underwent hemorrhage 


Statistics 
Results are presented as mean+SEM. For immunologic pa- 
rameters, the unpaired Student's t test with Bonferroni correc- 
tion for multiple comparisons was used. Statistical analysis of the 
survival study was carried out with Wilcoxon’s rank sum test. 
Differences were considered significant at P<.05, 


RESULTS 


In normal animals, administration of chloroquine did 
not produce any significant effect either on splenocyte 
proliferation and IL-2 release or in peritoneal macrophage 
capacity to secrete PGE,, 


Splenocyte Proliferation 


While no differences were observed between the group 
that underwent hemorrhage and the sham-operated 
group at 2 hours, a significant (47%; P<.01) suppression 
of splenocyte proliferation (124875+14 484 counts per 
minute) was observed 24 hours following hemorrhagic 
shock compared with the sham-operated group 
(236 039+5663 counts per minute) (Fig 1). However, 
administration of chloroquine, either before hemorrhage 
or after hemorrhage, restored the hemorrhagic shock- 
induced suppression of splenocyte proliferation 
(231 771+29 754 counts per minute with treatment before 
hemorrhage and 189219+18210 counts per minute with 
treatment after hemorrhage) at 24 hours (Fig 1). 


IL-2 Release by Splenocytes 


Paralleling splenocyte proliferation at 24 hours, a sig- 
nificant suppression (49%; P<.05) of IL-2 release by sple- 
nocytes was observed in the group that underwent hem- 
orrhage (26.0+3.6 U/mL) compared with the sham- 
operated group (50.9+3.0 U/mL) (Fig 2). Chloroquine 
attenuated (P<.05) hemorrhagic shock-induced suppres- 
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Fig 2.—Release of interleukin 2 from splenocytes 2 and 24 hours 


following hemorrhage. Vehicle-treated animals (n= 5) that under- 
went henorrhage were compared with sham-operated animals 


tions of 30 mg/kg of body weight) before hemorrhage (n=5) or af- 


sham-operated group; and the dagger, P<.05 for chloroquine- 
treated groups that underwent hemorrhagevs the vehicle-treated 


sion of IL-2 release by splenocytes in both the 
chloroquine-treated group before hemorrhage (48.8+6.8 
U/mL) end chloroquine-treated group after hemorrhage 
(41.6+4 2 U/mL) (Fig 2). At 2 hours after hemorrhage and 
resuscitation, IL-2 release was similar in the groups 
undergcing hemorrhage (with and without treatment 


with chbroquine before or after hemorrhage) and sham- 
operated groups (Fig 2). 


PGE, Release by Macrophages 


At 2 hours following hemorrhagic shock, PGE, release 
by peritoneal macrophages from mice that underwent 
hemorrhage (94.3+6.0 ng/mL) was significantly (P<.01) 
elevated compared with the sham-operated group 
(33.8+78 ng/mL). However, chloroquine treatment be- 
fore hemorrhage (52.0+6.8 ng/mL) and after hemorrhage 
(45.5+10.1 ng/mL) significantly (P<.05) reduced secre- 
tion of >GE, by peritoneal macrophages 2 hours after 
hemorrkagic shock and resuscitation (Fig 3). At 24 hours 
following hemorrhagic shock, PGE, secretion by perito- 
neal macrophages was similar among all four groups 
(Fig 3). 


Effect of Chloroquine on Survival Following CLP 


All animals in the vehicle-treated group that underwent 
hemorrhage died within 3 days after CLP, while 31% of 
animals in the sham-operated group survived through 
day 7 (P= .00027; Wilcoxon’s rank sum test) (Fig 4). Ad- 
ministra-ion of chloroquine immediately following hem- 
orrhagic shock and resuscitation significantly (P = -00042) 
prolonged and increased the overall Survival rate of ani- 
mals after CLP when compared with the vehicle-treated 
group that underwent hemorrhage (Fig 4). There was no 
Statistical difference in survival between the chloroquine- 
treated group that underwent hemorrhage and the sham- 
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Fig 3.— Capacity of peritoneal mecrophages to release prostaglan- 
din E, (PGE,) 2 and 24 hours following hemorrhage. Vehicle-treated 
animals that underwent nemorrhage (n=5) were compared with 
sham-operated animals (n=5) and animals treated with chloro- 
quine (intramuscular injections of 10 mg/kg of body weight) before 
hemorrhage (n=5) or after hemorrhage (n=5) . Prostaglandin Ez 
levels in peritoneal macrophage supernatants were determined 
with a radioimmunoassay. The data are presented as mean+SEM. 
The asterisk indicates P<.05 for the vehicle-treated group that un- 
derwent hemorrhage vs the sham-operated group; and the dagger, 
P<.05 for the chloroquine-treated groups that underwent hemor- 
rhage vs the vehicle-treated group that underwent hemorrhage. 


operated group (Fig 4). No further deaths were observed 
after 7 days. 


COMMENT 


These data demonstrate that the administration of 
chloroquine, either before or after hemorrhage, attenu- 
ates hemorrhagic shock-induced suppression of spleno- 
cyte functions. Moreover, -he improvement of cellular 
immunity with chloroquine treatment was associated 
with an inhibition of PGE, release by peritoneal macro- 
phages 2 hours after hemorrhage and resuscitation. Since 
splenocyte functions were depressed 24 hours but not 2 
hours following hemorrhagic shock, it can be concluded 
that the late suppression of cellular immunity is not due 
to a direct effect of hypoxia and low flow conditions since 
the effects of a direct hypoxic insult would be expected to 
occur early after hemorrhage and resuscitation. 

In contrast to the present finding, our recent studies 
have shown that splenocyte functions were significantly 
depressed 1 hour after hemorrhage and resuscitation.” 
Associated with the depression of splenocyte function 
was the decreased splenocyte adenosine triphosphate 
(ATP) levels 1 hour after hemorrhage, which were ap- 
proximately 13% of those in controls.” The splenocyte 
ATP levels did, however, increase to approximately 60% 
of control levels 2 hours after hemorrhage and resuscita- 
tion.” Based on these results, it can be concluded that the 
depression in splenocyte functions that were observed 1 
hour after hemorrhage and resuscitation” may be due to 
significantly decreased cellular ATP levels. The lack of 
depression in splenocyte functions 2 hours after hemor- 
rhage and resuscitation in this study could, therefore, be 
due to the marked elevation of cellular ATP levels that we 
have observed recently.” Since splenocyte functions were 
depressed at 24 hours after hemorrhagic shock and 
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Fig 4.— Survival of C3H/HeN mice over 7 days following cecal liga- 
tion and puncture (CLP). Mice (n= 16 per group) underwent either 
hemorrhage, sham operation, or hemorrhage followed by treat- 
ment with chloroquine (intramuscular injections of 10 mg/kg of 
body weight) 3 days before CLP. The asterisk indicates P = .00027 for 
the vehicle-treated group that underwent hemorrhage vs the sham- 
operated group; and the dagger, P=.00042 for the chloroquine- 
treated groups that underwent hemorrhage vs the vehicle-treated 
group. that underwent hemorrhage (Wilcoxon's rank sum test). 


resuscitation, it can be concluded that the immunode- 
pression observed at that time may be due to the delayed 
inhibitory effects of released inflammatory mediators af- 
ter hemorrhage. 

Hemorrhagic shock leads to a severe suppression of 
various immune functions, including decreased spleno- 
cyte proliferation and lymphokine synthesis.'* The im- 
munosuppression correlated with an altered release of 
inflammatory mediators by macrophages. For example, 
Kupffer cells release significant amounts of TNF, IL-1, 
IL-6, and PGE, in the early period following hemorrhagic 
shock,!! and the depression in macrophage function was 
associated with elevated cytokine levels in plasma.” 

Studies by Goodwin and Webb” and Faist et al* have 
suggested that metabolites of arachidonic acid produce 
the immunosuppression observed following shock and 
trauma. In this regard, patients with trauma” and burns% 
showed an excessive production and release of the 
arachidonic acid metabolite PGE, during several weeks 
following the insult. Our present study indicates that 
hemorrhagic shock without significant tissue trauma also 
resulted in increased PGE, release by peritoneal macro- 
phage populations early after hemorrhage and resuscita- 
tion. Although peritoneal macrophage PGE, production 
was not increased 24 hours follòwing hemorrhage and 
resuscitation, plasma PGE, levels have been shown to be 
significantly increased at 24 hours.’ This suggests that 
cells other than peritoneal macrophages or Kupffer cells 
may be responsible for the enhanced production and 
consequently elevated plasma PGE, levels 24 hours after 
hemorrhage and resuscitation. Prostaglandins, in partic- 
ular PGE, are capable of suppressing macrophage™ and 
lymphocyte” functions in vitro. These in vitro findings 
are supported by in vivo studies that showed the benefi- 
cial effects of cyclooxygenase inhibitors on depressed im- 
mune functions following hemorrhage,” trauma,*”” and 
burn injury.*” 

Studies by Authi and Tragnor” described an inhibitory 
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effect of the antimalarial agent chloroquine on PG syn- 
thesis. Our recent data demonstrated that chloroquine 
also inhibits the release of TNF and IL-6 in vitro.” In con- 
trast, the release of IL-1 was unaltered. Based on these in 
vitro data, the objective of our study was to investigate the 
potential effect of chloroquine as an immunomodulating 
agent in the treatment of hemorrhagic shock-induced 
immunosuppression. 

The administration of chloroquine before or after hem- 
orrhage resulted in a restoration of splenocyte prolifera- 
tion and IL-2 synthesis. Since the improvement of sple- 
nocyte functions with chloroquine treatment was 
associated with the inhibition of PGE, release by perito- 
neal macrophages and Kupffer cells early after hemor- 
rhage, it can be hypothesized that the elevated PGE, 
production/release is associated with the suppression of 
cellular immunity following hemorrhagic shock. 

This conclusion is in agreement with the results of pre- 
vious studies that showed that blockade of PGE, attenu- 
ated trauma and = shock-induced immunosuppres- 
sion.*?”7 Our data further indicate that chloroquine, 
perhaps because of its ability to inhibit PGE, release by 
macrophages and to improve various immune responses, 
may represent a new and potent immunomodulatory 
agent in the treatment of posthemorrhage immunosup- 
pression. It should be emphasized that the dose of chlo- 
roquine used in this study is in the range used in clinics. 
Furthermore, chloroquine, at a dose of 10 mg/kg of body 
weight, did not cause any deleterious side effects, such as 
hypotension or death. Since this agent did not produce 
any adverse or salutary effects in healthy, unmanipulated 
animals, we can conclude that chloroquine exerts its ben- 
eficial effects only under pathophysiologic conditions. 

Both treatment protocols of chloroquine administra- 
tion, either prior to hemorrhagic shock or immediately 
following hemorrhagic shock and resuscitation, produced 
similar beneficial effects on the depressed cellular immu- 
nity and the increased release of PGE, by macrophages. 
These data indicate that alterations that may occur during 
hemorrhagic shock as well as changes that occur after re- 
suscitation are pivotal in inducing immunosuppression. 
This further supports the hypothesis that hemorrhagic 
shock-induced immunosuppression is due to the early 
release of inflammatory mediators, such as PGE), by var- 
ious cells. 

Although our study indicates that chloroquine inhibits 
PGE, release by macrophages and restores splenocyte 
function after hemorrhage, the precise mechanism by 
which chloroquine produces these effects remains un- 
known. However, studies have indicated that chloro- 
quine exerts its suppressive effects on PGE, synthesis 
through the blockade of phospholipase A.* It must still be 
determined whether this is the sole mechanism of the 
beneficial effects of chloroquine following hemorrhage 
and resuscitation. 

Previous studies have demonstrated that hemorrhagic 
shock, despite fluid resuscitation, resulted in an increased 
susceptibility to infection.” Additionally, our studies in a 
murine hemorrhagic shock model revealed an increased 
mortality following CLP in animals treated after hemor- 
rhage compared with sham-operated animals.* The 
present study demonstrates that the treatment of animals 
with chloroquine following hemorrhage significantly de- 
creases the mortality from sepsis following hemorrhagic 
shock. Thus, the observed enhancement of cellular im- 
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munit» following chloroquine treatment is indeed of bio 
logic consequence. 


CLINICAL RELEVANCE 


A large number of clinical and experimental studie: 
have Gemonstrated that trauma and hemorrhagic shock 
lead to a marked depression of various immunologic 
functicns and increase the susceptibility to sepsis follow- 
ing hemorrhage. Clinical and experimental studies have 
also shown an excessive production and release of PGE. 
following trauma and hemorrhage. Moreover, PGE; has 
been implicated as a mediator responsible for the immu- 
nosuppression observed following trauma and shock. 
Although the precise mechanisms remain unknown, the 
results presented herein indicate that chloroquine, an an- 
timalarial agent, inhibited the early release of PGE, from 
peritoreal macrophages and prevented hemorrhage- 
induced immunosuppression and increased mortality 
from sepsis. 

Chloroquine administration had no deleterious effect in 
normal animals, and treatment with this agent before or 
after hemorrhage was equally effective in restoring im- 
munocompetence. Thus, chloroquine appears to be a 
promis.ng adjunct in the clinical arena for the treatment 
of shock-induced immunodepression and the observed 
increas2d susceptibility to sepsis following hemorrhage. 


This investigation was supported by NIH grant R01 GM 37127. 

The monoclonal antibody 11B11 was donated by C. Janeway, MD, 
New Haven, Conn. 

The authors thank Renee Ziobron for her skill and assistance in 
typing the manuscript, and Pragnesh Patel for his valuable technical 
assistance, 


References 


1. Chaudry IH, Ayala A, Ertel W, Stephan RN. Hemorrhage 
and resuscitation: immunological aspects. Am J Physiol. 
1990 ;25®: R663-R678. 

2. Faist E, Ertel W, Mewes A, Alkan S, Walz R, Strasser T. 
Trauma-nduced alterations of the lymphokine cascade. In: 
Faist E, Ninnemann J, Green D, eds. Immune Consequences of 
Trauma, Shock, and Sepsis. New York, NY: Springer-Verlag NY 
Inc; 1989:79-94. 

3. Miller-Graziano CL, Szabo G, Takayama T, Wu J. Alter- 
ations o monocyte function following major injury. In: Faist E, 
Ninnemann J, Green D, eds. Immune Consequences of 
Trauma, Shock, and Sepsis. New York, NY: Springer-Verlag NY 
Inc; 1989:95-108. 

4. Faist E, Ertel W, Cohnert T, Huber P, Inthorn D, Heberer 
G. Immunoprotective effects of cyclooxygenase inhibition in 
patients with major surgical trauma. J Trauma. 1990;30:8-18. 

5. Steohan RN, Conrad PJ, Janeway CA, Geha AS, Baue AE, 
Chaudry IH. Decreased interleukin-2 production following 
simple Femorrhage. Surg Forum. 1986;37:73-75. 

6. Abraham E, Freitas AA. Hemorrhage produces abnormal- 
ities in lymphocyte function and lymphokine generation. J Im- 
munol. © 989;142:899-906. 

7. Abraham E, Freitas AA. Hemorrhage in mice induced 
alteration in immunoglobulin-secreting B-cells. Crit Care Med. 
1989; 17:1015-1019. 

8. Steoshan RN, Kupper TS, Geha AS, Baue AE, Chaudry IH. 
Hemorrkage without significant tissue trauma produces im- 
munosu pression and enhances susceptibility to sepsis. Arch 
Surg. 1987 ;122:62-68. 

9. Ayala A, Perrin MM, Meldrum DR, Ertel W, Chaudry IH. 
Hemorrhage induces an increase in serum TNF which is not as- 
sociated with elevated levels of endotoxin. Cytokine. 
1990; 2:170-174. 

10. Lefer AM. Role of prostaglandins and thromboxanes in 


Chloroquine—Ertel et al 


> 


shock. In: Altura GM, Lefer AM, Schumer W, eds. The Hand- 
book on Shock and Trauma. New York, NY: Raven Press; 
1983;1:355-376. 

11. Ayala A, Perrin MM, Ertel W, Chaudry IH. The effects of 
hemorrhage on Kupffer cell antigen presentation and those 
processes associated wth it. FASEB J. 1990;28:1020. 

12. Ertel W, Morrison MH, Ayala A, Perrin MM, Chaudry IH. 
Passive immunization against cachectin (TNF-alpha) prevents 
hemorrhage-induced suppression of Kupffer cell functions. 
Surg Forum. 1990;41:91-93. 

13. Ertel W, Morrison MH, Ayala A, Perrin MM, Chaudry IH. 
Blockade of prostaglandin increases cachectin synthesis and 
prevents depression of macrophage functions following hem- 
orrhagic shock. Ann Surg. 1991;213:265-271. 

14. Stephan RN, Conrad PJ, Saizawa M, Dean RE, Chaudry 
IH. Prostaglandin E, depresses antigen-presenting cell function 
of peritoneal macrophages. J Surg Res. 1988;44:733-739. 

15. Snyder DS, Beller DI, Unanue ER. Prostaglandins modu- 
late macrophage la expression. Nature. 1982;299:163-165. 

16. Knudson PJ, Dinarello CA, Strom TB. Prostaglandins 
posttranscriptionally inhibit monocyte expression of 
interleukin-1 activity by increasing intracellular cyclic adenos- 
ine monophosphate. J Immunol. 1986;137:3189-3194. 

17. Rappaport RS, Dodge GR. Prostaglandin E inhibits the 
production of human interleukin 2. J Exp Med. 1982;155:943- 
948 


18. Rollo IM. Drugs used in the chemotherapy of malaria. In: 
Goodman LS, Gilman AG, eds. Pharmacological Basis of Ther- 
apeutics. 6th ed. New York, N¥: Macmillan Publishing Co Inc; 
1980: 1038-1060. 

19. Freedman A. Chloroquine and rheumatoid arthritis: 
short term controlled trial. Ann Rheum Dis. 1956;15:251- 
257. 

20. Ertel W, Ayale A, Morrison M, Perrin MM, Chaudry IH. 
Chloroquine inhibits TNF amd IL-6 synthesis but not IL-1 
production. FASEB J. 1990;28:A1035. 

21. Ertel W, Morrison MH, Ayala A, Dean Re, Chaudry IH. 
Interferon-gamma attenuates hemorrhage-induced suppres- 
sion of macrophage and splenocyte functions and decreases 
susceptibility to sepsis. Surgery. In press. 

22. Baker CC, Chaudry IH, Gaines H, Baue AE. Evaluation of 
factors affecting mortality following sepsis in a murine cecal li- 
gation and puncture model. Surgery. 1983;94:331-335. 

23. Meldrum DR, Ayala A, Wang P, Ertel W, Chaudry IH. As- 
sociation between decreased splenic ATP levels and immuno- 
depression: amelioration wth ATP-MgCl?. Am J Physiol. 
1991 ; 261 :R351-R357. 

24. Goodwin JS, Webb DR. Regulation of the immune 
response by prostaglandins. Clin Immunol Immunopathol. 
1980; 15: 106-122. 

25. Faist E, Mewes A, Strasser T, et al. Alterations of mono- 
cyte functions following major injury. Arch Surg. 1988; 123 :287- 
292. 

26. Ninnemann JL, Stockland AE. Participation of prostaglan- 
din E in immunosuppression following thermal injury. / 
Trauma. 1984;24:201-207. 

27. Ertel W, Faist E, Salmen B, Huber P, Heberer G. Influence 
of cyclooxygenase inh bition on interleukin-2 receptor (IL-2R) 
expression after major trauma. Surg Res Comm. 1989;5:17-23. 

28. Wood JJ, Grbic JT, Rocrick ML, Jordan A, Mannick JA. 
Suppression of interleukin 2 production in an animal model of 
thermal injury is related to prostaglandin synthesis. Arch Surg. 
1987;122:179-184. 

29. Hansbrough J, Peterson V, Zapata-Sirvent R, Claman HN. 
Postburn immunosuppression in an animal model, Il: restora- 
tion of cell-mediated immunity by immunomodulating drugs. 
Surgery. 1984;95:290-296. 

30. Authi KS, Tragnor JR. Effects of anti-malarial drugs on 
phospholipase A?. Br J Pharmacol. 1979;66:496-501. 

31. Esrig BC, Frazee L, Stephenson SF, Polk HC, Fulton RL, 
Jones CE. The predisposition to infection following hemor- 


Arch Surg—Vol 127, January 1992 


rhagic shock. Surg Gynecol Obstet. 1977;144:915-917. 


Discussion 


ORI D. ROTSTEIN, MD, Toronto, Canada: Chloroquine is a 
well-known antimalarial drug that has been shown to inhibit 
PGE, production by some effect on phospholipase A. Based 
on their previous studies implicating PGE, as the mediator of 
hemorrhage-induced immunosuppression, the authors hy- 
pothesize that chloroquine might prevent hemorrhage- 
induced immunosuppression by reducing PGE, production. 
In keeping with their hypothesis, they clearly show that chlo- 
roquine given either before or after hemorrhage prevented 
the hemorrhage-induced reduction in splenocyte proliferation 
and IL-2 production at 24 hours and abrogated peritoneal and 
Kupffer cell PGE, production at 2 hours. This appeared to 
translate into an improved survival in a CLP model. Despite a 
poor temporal correlation between macrophage PGE, eleva- 
tion and decreased splenocyte proliferation, you suggest a 
relationship between PGE, increase and immunosuppression. 
A recent paper in the Annals of Surgery by your group 
showed increased plasma PGE, 24 hours after hemorrhage. 
Were plasma PGE, levels measured and did chloroquine pre- 
vent the elevation of PGE,? 

My second question relates to the possibility that splenic mac- 
rophages may be responsible for the inhibition of splenocyte 
proliferation as an alternate mechanism. Have you examined 
splenocyte proliferation in cultures in which splenic macroph- 
ages have been depleted? If so, did you measure PGE, and de- 
termine the effect of cyclooxygenase inhibition? 

Thirdly, tumor necrosis factor might cause an increase in PGE, 
production leading to a reduction in splenocyte proliferation. In 
this regard, your group has previously shown that increased 
Kupffer cell TNF production occurs during hemorrhage and this 
is reversed by chloroquine. Does anti-TNF antibody treatment of 
these animals restore proliferation? 

Finally, chloroquine is a lysosomotropic agent that is known 
to accumulate in and alkalinize lysosomes. It has been previously 
shown that chloroquine is able to inhibit macrophage antigen 
presentation by inhibiting proteolytic degradation of antigens. 
Your group has previously demonstrated that hemorrhage de- 
creases antigen presentation. Does chloroquine in this model 
increase or decrease this macrophage function? 

MITCHELL P. FINK, MD, Worcester, Mass: Why did you select 
chloroquine as your inhibitor of cyclooxygenase activity rather 
than a more conventional cyclooxygenase inhibitor like ibu- 
profen or indomethacin. If you were looking to inhibit PLA? ac- 
tivity, why did you choose chloroquine instead of a compound 
that has been classically used for that purpose, namely mepa- 
crine? 

Did you measure PLA? activity in the circulation of these an- 
imals or in the cells that you harvested to show that you were 
in fact inhibiting the activity of this enzyme? 

Finally, did you measure lipoxygenase pathway products to 
show that you were inhibiting the pathway proximally and not 
inhibiting a distal enzyme system like cyclooxygenase? 

M. WAYNE FLYE, MD, PHD, St Louis, Mo: Several agents 


have been shown to affect antigen cycling through the lysos- - 


omes and representation on the cell surface. Chloroquine is 
one such agent and ammonium chloride is another. These 
agents affect both antigen presentation and IL-1 production, 
which you did not measure, which are essential for direction 
of a specific immune response. Down regulation of antigen 
presentation could therefore have a detrimental consequence 
for the host so that mortality might increase. Down regula- 
tion of the PGE, immunosuppressant could, however, have a 
beneficial effect. How can these findings be integrated? Have 
you used other agents to block phospholipase E, and do you 
get similar beneficial effects? 


Chloroquine—Ertel et al 75 


DR ERTEL: With regard to Dr Rotstein’s first question, we did 
previously measure PGE, levels not only at 2 hours, but also 24 
hours following hemorrhage, and found high circulating PGE, 


high PGE, levels. It could be the fibroblasts or some other cells. 
Although high circulating PGE, levels were found even 24 hours 
after hemorrhage, we have not determined what happens to cir- 
culating PGE, with chloroquine treatment. 

We did measure splenic macrophage PGE, release at 2 hours 
and 24 hours after hemorrhage, and interestingly, hemorrhagic 
shock did not change the release of PGE, by splenic macro- 
phages. We have examined the effects of chloroquine in vitro on 
splenic functions and found that although at high concentrations 
it inhibits cytokine Production, at low concentrations it selec- 
tively inhibited TNF and IL-6 without affecting IL-1 release. 

We have performed additional studies in the same model us- 
ing anti-TNF antibodies and we were able not only to restore 
macrophage function, such as antigen presentation and Ia 
expression, but we could also restore or significantly increase the 
depressed splenocyte proliferation and IL-2 synthesis. 

The fourth question was whether chloroquine has any effect 
on antigen presentation. In our Studies, it improved antigen 
presentation function. This is a surprising finding since it is de- 
scribed in the literature that chloroquine blocks antigen presen- 


tation in vitro in macrophages from normal animals. I have to 
point out, however, that there is quite a difference in the dosages 
utilized in our studies and those used in the in vitro studies, The 
in vitro studies were performed with much higher doses of 
chloroquine than the levels that one would utilize in a clinical 
setting. Our studies demonstrate that chloroquine, at a dose 


of chlorequine on antigen presentation appear to be dose 


quine is potent inhibitor of tumor necrosis factor and IL-6 syn- 
thesis and release, but it did not block IL-1. We did not measure 


With regard to Dr Flye’s question, we did examine the effects 
of pretreatment and posttreatment with chloroquine on mac- 
rophage antigen presentation along with the in vivo release of 
IL-1. As [mentioned earlier, chloroquine blocks TNF and IL-6 in 
our model, but did not inhibit IL-1 synthesis and it significantly 
increasec antigen presentation. We have not used any other 
agents to block PLA, activity so far. 












The article by Ertel et al about the effects of chlorogine on 
the immune system of mice provides an interesting new av- 
enue by which to address the topic of immunodepression 
following trauma. Although chloroquine has been in use for 
a long time, primarily for the treatment of malaria, and more 
recently for the treatment of rheumatoid arthritis, it has not 
Previously been suggested for alteration of the immune 


other, mediated by substances other than those studied here, 
or they may be entirely unrelated, coincidental occurrences, 
They are separated in time (one occurs at 2 hours, the other 
at 24 hours), which is troubling, but it might be explained by 
a phasic delay between stimulation and effect. 

It is also bothersome that the present results conflict with 
earlier results from this laboratory in which splenocyte func- 
tions were shown to be depressed at 1 hour after hemorrhage 
in contrast to the present results in which they are unaffected 
at 2 hours. The authors recognize this and hypothesize that the 
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altered splenocyte function between 1 and 2 hours after 
hemorrhage is the result of rapidly changing splenocyte ad- 
enosine triphosphate levels. This discrepancy needs resolu- 
tion. 

Another weakness is that the connection of PGE, with 
splenic immune function is demonstrated via an in vitro, 
rather than in vivo, model. While this is technically feasible, 
there are always significant uncertainties when macrophages 
and splenocytes are removed from their normal environ- 
ment, with the multitude of cytokine and hormonal influ- 
ences present there. 

Notw thstanding the above, this article is exciting in that it 
breaks rew ground and offers a completely new avenue of 
investigation by which posttraumatic immunosuppression 
may be dissected. The complexity of cytokine interactions 
ensures that a complete elucidation will be slow in coming, 
but the authors are to be commended for an original, lucid, 
and well-designed study. 

FRANK R. LEwis, MD 
Sar Francisco, Calif 
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The Necessity and Efficiency of Wound Surveillance 
After Discharge 


John A. Weigelt, MD; Donna Dryer, RN; Robert W. Haley, MD 


è A surgical wound surveillance program followed up 
16453 consecutive patients from 1983 through 1988. Pa- 
tients were followed up for 30 days after operation, and 516 
(35%) of the surgical wound infections first became manifest 
after discharge. In-hospital surveillance alone would have 
estimated the surgical wound infection rate to be 5.8% when 
the true rate was 8.9%. Infections that occurred after dis- 
charge were more likely in clean operations, in shorter op- 
erations, in obese patients, and in nonalcoholic patients. The 
probability that infections would begin after discharge was 
inversely associatec with the duration of postoperative stay 
in the hospital. Postdischarge follow-up of patients who pre- 
viously have undergone surgery is necessary to avoid under- 
estimates of the infection rates and biases related to known 
risk factors. The most efficient time to survey patients ap- 
pears to be at 21 daysafter the operation, at which time 90% 
of surgical wound infections have occurred. 
(Arch Surg. 1992;127:77-82) 


A’ postoperative length of stay continues to decrease, 
more and more surgical wound infections (SWIs) are 
becoming manifest after the patient goes home.' This sug- 
gests that continued surveillance of discharged patients 
who previously have undergone surgery will be necessary 
to obtain accurate, unbiased SWI rates. While few hospi- 
tals are doing this at present, the Joint Commission on Ac- 
creditation of Healthcare Organizations (JCAHO) is con- 
sidering making it mandatory within the next several years 
to ensure accurate indicators of surgical quality.’ 

This raises at least two questions. First, is it really neces- 
sary to dosurveillance after discharge? In the past, it has been 
widely assumed that SWIs that occur after discharge are just 
like those that occur in the hospital, so that postdischarge in- 
fections can simply be :gnored. But the potential for selection 
bias has not been studied, to our knowledge. 
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Second, if it is necessary to follow up patients, who 
previously have undergone surgery, after discharge, 
which postdischarge day should be selected for the 
follow-up contact? The prevailing practice, reflected in 
published studies, is to follow up patients for 30 days af- 
ter the operation or after discharge, but this interval is ar- 
bitrary. Ideally, one should contact the patients as soon as 
possible after their infection begins but wait long enough 
for almost all of the infections to have occurred. 

To bring empirical evidence to bear on these questions, 
we analyzed data on a 6-year cohort of patients who pre- 
viously had undergone surgery and were followed up for 
at least 30 days after discharge. 


MATERIALS AND METHODS 


We analyzed 16453 consecutive inpatient operations, per- 
formed from 1983 through March 1989, on the general surgery, 
trauma, thoracic, and transplant services at Parkland Memorial 
Hospital in Dallas, Tex. Surveillance of thoracic and transplant 
services was conducted only during certain periods, whereas 
general surgery and trauma services were surveyed continu- 
ously. The program was organized with a medical director 
(J.A.W.) and one infectious control practitioner (ICP) (D.D.). As 
the program grew, the number of ICPs increased to three. Sur- 
veillance was performed by the ICPs continuously on patients 
while they were in the hospital. Only patients who were hospi- 
talized after their surgical procedure were included in this sur- 
veillance program. 

The surgical wound surveillance program has been previously 
described. It consists of in-hospital follow-up by the ICPs and 
postdischarge follow-up by the clinic nurses who are instructed 
in wound evaluation by the ICPs. Wound classification is used 
to stratify wounds into clean, clean-contaminated, contami- 
nated, and dirty categories. The classification is done by the op- 
erating room’s circulating nurse who receives routine in-service 
training from the ICPs. Dirty wounds are not included in 
surveillance unless they represent a secondary procedure on a 
patient who is already being followed up. 

All patients are given a clinic visit follow-up appointment un- 
less they are scheduled to return to a private referring surgeon for 
care (this occurred in 2.5% of the patients). Wound infections that 
were detected during a follow-up visit were routinely reported to 
the infection control office. Between 30 and 60 days after the op- 
eration, all patients’ medical records were examined by the in- 
fection control staff for evidence of SWIs that were detected dur- 
ing clinic visits, and 90% of the records were retrieved for review. 

The ICPs were responsible for classifying wounds as infected 
according to the following criteria. Wounds were classified as 
infected if they discharged purulent drainage, if they were 
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Fig 1.—The association of the occurrence of surgical wound infections (SWIs) ater discharge with four well-studied risk factors for SWI. 


opened due to local inflammatory changes, or if antimicrobial 
therapy was used to treat a previously uninfected but inflamed 
wound postoperatively. The inclusion of the third criterion ac- 
counts for our SWI rates being substantially higher than many 
reported in the literature.‘ Surgeons were not involved with the 
classification of wounds or determination of infection because of 
reported bias.° 

The risk factor and demographic data, including the dates of 
the operation and discharge for all surveyed operations, and the 
information on SWIs that were detected by surveillance were 
entered into a computer database. Obesity was defined by the 
clinical evaluation of the admitting physician or by a dietician’s 
assessment. Alcohol abuse, recorded in the surgeon’s history 
and physical examination findings, was used to define this risk 
factor. Monthly validation of data and reports were generated by 
the medical director. Wound infections were entered into the 
data if they were reported anytime postoperatively. 

The data were analyzed with the FREQ Procedure of the SAS 
Statistical software package and the LR (logistical regression) 
procedure of the BMDP statistical software package. The 2x2 
tables were analyzed with the x? test, and the 3x2 and 4x2 ta- 
bles were also analyzed with the Mantel-Haenszel x’ test for 
trend which tests for a directional effect. 


RESULTS 
Necessity of Postdischarge Surveillance 


Of the 1468 SWIs that were detected, 952 (65%) were 
detected while the patient was in the hospital, and 516 
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(35%) were first manifested after the patient’s discharge. 
If surveillance had been confined to inpatients, the 
apparent SWI rate would have been 5.8% rather than the 
true rate of 8.9%. 

The percentage of SWIs that occurred after discharge 
was inversely associated with wound class (Mantel- 
Haenszel x?=91, df=1, P<.0001) and duration of the op- 
eration (x°=26, df=1, P<.0001), and it was lower in alco- 
holic than in nonalcoholic patients (x?=10, df=1, 
P=,002) and higher in obese patients than in nonobese 
ones (x*= 11, df=1, P=.001) (Fig 1). 

The shorter the patient's hospital stay after the opera- 
tion, the more likely the infection was to begin after dis- 
charge (x?=327, df=1, P<.0001 by logistical regression) 
(Fig 2). For example, in patients who were staying only 1 
or 2 days after surgery, 90% of the SWIs began after dis- 
charge; :n those who were staying 8 to 14 days after the 
operation, fewer than 25% began after discharge; and in 
those wo were staying more than 2 weeks, fewer than 
5% began after discharge. 

The efect of the length of postoperative stay on the 
percentege of SWIs that occurred after discharge only 
partially explained the association of the other risk factors 
with postdischarge occurrence. In a series of logistical re- 
gression analyses, we controlled for the length of postop- 
erative stay and then reassessed the association between 
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Fig 2.— The percentage of surgical wound infections (SWIs) occur- 
ring after discharge és a function of patients’ postoperative stay. 









Table 1.—Association of Selected Risk Facto 
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Risk Factor Odds Ratio 95% CI x? 
















Wound class 1.92 1.67-2.21 96.23 
Duration of operation 1.48 1.27-1.73 26.69 
Alcoholism 1.66 1.20-2.28 10.03 
Obesity 1.53 1.19-1.97 11.04 





*Each row reports the results of two separate logistic 


SWIs indicates surgical wound infections; Cl, confidence interval. 


the occurrence of SWI after discharge and the four risk 
factors that were analyzed above. Controlling for the 
length of postoperative stay greatly reduced the odds ra- 
tio and the x? value for the analyses wound class and du- 
ration of operation, slightly reduced them for the analy- 
sis of alcoholism, but increased them for the analysis of 
obesity (Table 1). These findings indicate that the greater 
likelihood of SWis in cleaner operations and shorter op- 
erations occurring after discharge is due almost entirely to 
their shorter postoperative stay, whereas the tendency for 
SWIs in nonalcohelic patients to occur after discharge is 
only partly explained by the length of postoperative stay, 
and the greater likelihood for SWIs in obese patients to 
occur after discharge is largely unrelated to postoperative 
stay. 


Efficiency of Postdischarge Surveillance 


To determine the most efficient time to conduct 
follow-up surveys, we calculated the percentage of SWIs 
that had become manifest by varying intervals after the 
operation and after discharge (Fig 3). Measuring from the 
date of the operation, we found that 47% of SWIs had be- 
come manifest by the seventh postoperative day, 78% by 
the 14th day, 90% by the 21st day, 96% by the 28th day, 
and 98% by the 35th day. Measuring from the day of dis- 
charge, we found that 65% of SWIs had occurred by the 
day of discharge, 82% had begun by the seventh day af- 
ter discharge, 93% by the 14th day, 97% by the 21st day, 
and virtually 100% by the 30th day. These findings 
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Fig 3.—The cumulative percentage of surgical wound infections 
(SWIs) that have been identified at varying times after the operation 
(solid curve) and after discharge (dashed curve). 
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P Odds Ratio 95% Cl "a P 





<.0001 137 1.17-1.61 15.18 <.0001 

<.0001 1.25 1.03-1.50 5.43 .02 
.002 1.58 1.09-2.30 5.87 .02 
.001 1.86 1.36-2.54 15.23 <.0001 









on of the row variable alone 


indicate that the point of diminishing returns for detect- 
ing SWIs occurs at approximately the 21st postoperative 
day. 


COMMENT 


Following up patients, who previously have under- 
gone surgery, after discharge appears to be necessary 
to avoid serious biases in the SWI rates that are gener- 
ated through surveillance. Failure to do postdischarge 
wound evaluation produces two kinds of bias in the 
SWI rates. First, as has been reported in past studies, 
SWI rates derived solely from inpatient surveillance are 
substantially underestimated.* Our finding of a 50% 
increase in the apparent SWI rate (8.9% vs 5.8%) when 
the infections that occurred after discharge were in- 
cluded is within the broad range reported in other 
published studies, where the percentage increases 
ranged from 39% to 360% (Table 2). 

Second, contrary to the generally accepted view, the 
SWIs that occurred after discharge have different char- 
acteristics than those that occurred in the hospital. 
Those that occurred after discharge are significantly 
more likely to be in clean operations, in short opera- 
tions, in obese patients, and in nonalcoholic patients. 
The propensity for cleaner and shorter operations and 
those in nonalcoholic patients to occur outside the hos- 
pital is predominantly explained by their shorter post- 
operative lengths of stay; however, the propensity for 
obese patients’ infections to occur after discharge is 
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Table 2.—Published Studies in Which Patients Who Underwent Surgery Were Followed Up for 





Wound Infection After Discarge* 
infection Rate 
Timing of 
Follow-up Response % of SWis Found Hospital % Incre 
Source, y Persons Surveyed Survey, d rate, % After Discharge Only Final in Rat 
Polk et al,° 1980t Patients (verify 6 wkt 99 19 12.2 16.9 39 
with surgeons) 
Burns and Dippe, 1982 Surgeons only Not stated 94 53 1.8 3.8 111 
Rosendorf et al,* 1983 Surgeons/clinic 30 85 H 2.8 5.1 82 
Brown et al,’ 1987 Patients, 30¢ 59 46 3.5 6.6 89 
surgeons§ 72 
Reimer et al,” 1987 Patients (telephone) 30 97 77 1.5 6.9 360 
Present study Clinic 30 88 35 5.8 8.9 53 


*SWIs indicates surgical wound infections. 


+This study included only abdominal and vaginal hysterectomies. 


+Time measured from day of discharge; all others measured from day of the operation. Eight (32%) were detected by readmis 


the hospital, and three (12%) were detected by the follow-up survey. 


§Patients and surgeons were surveyed independently. 


independent of their postoperative stay. The latter may 
be due to the delayed recognition of SWIs hidden by 
the thick panniculus. At any rate, failure to include 
postdischarge infections introduces serious selection bi- 
ases into the analyses of SWI rates. 

Given that postdischarge follow-up is necessary, the 
most efficient timing of the follow-up contact must be de- 
fined. Our findings suggest that around the 21st postop- 
erative day is the optimal time for surveying patients’ op- 
erative wounds to detect SWIs. This is the point of 
diminishing returns by which time 90% of the infections 
have occurred. Edwards" reported similar results that 
showed that 7.4% of infections were detected by 4 weeks 
after operation. Contacting patients on the 21st day 
should detect a high percentage of SWIs with a minimal 
amount of difficulty and, hopefully, a maximal degree of 
reliability. This statement is based on a number of 
assumptions with regard to postoperative follow-up by 
surgeons. Assuming an average postoperative stay of 4 to 
5 days for the types of moderate- to high-risk operations 
that should be included in surveillance, the 21st postop- 
erative day will often fall near the time surgeons sched- 
ule their postoperative patients for follow-up appoint- 
ments, ie, 2 to 3 weeks after discharge. 

From a review of the literature, we found five studies in 
which patients or their surgeons were surveyed for SWI af- 
ter discharge. In 1975, Polk et al" surveyed patients by mail 
and confirmed the positives by contacting the surgeons. 
They obtained a 99% response rate and found 19% of the 
infections after discharge. Burns and Dippe’ contacted the 
surgeons, got a 94% response rate, and found that 53% of 
the infections began after discharge. Rosendorf et al” used 
a combination of contacting surgeons and following up pa- 
tients in their clinic, had an 85% response rate, and found 
that 44% of the infections occurred after discharge. In 1985, 
Brown et al! surveyed surgeons and patients indepen- 
dently by mail. With a 59% response rate from the patients 
and a 72% response from the surgeons, they detected 44% 
of the infections after discharge. Reimer et al,’ able to con- 
tact 97% of their patients by telephone, discovered that 77% 
of their SWIs occurred after discharge. These reports sug- 
gest that postdischarge surveys are feasible and, as in our 
study, are likely to detect a high percentage of SWIs after 
discharge. 
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A potentially important logistical consideratic 
volves whether the follow-up contact should be 
from the date of the operation or from the d 
discharge. From the different practices reported 
published studies (Table 2), it appears that the impo 
of this distinction has not been thoroughly conside: 
circumstances where uniformity is needed to allov 
comparisons within or between hospitals, one 
other benchmark should be adopted as the sta 
Counting from the date of the operation appear: 
preferabie for several reasons. First, it provides a ` 
ically cor stant benchmark, whereas using the date 
charge may introduce artifactual variation amor 
geons or hospitals and spurious changes ovel 
resulting from differences and changes in the ler 
postopentive stay. Second, counting from the dat 
operation also obviates the need for the infection 
staff to collect and record the date of discharge on 
tients under surveillance. 

Given that postdischarge follow-up is necessa 
feasible, the final question is whether it is practic 
a financiel point of view. In a study of the costs of 
ing up patients after discharge, Rosendorf et al“ 
that following 493 operations required 85 persor 
for logistical management by a quality assurance é 
and another 40 hours were required for medical 
retrieval by a medical records clerk, for a total 
person-hours. In 1983 dollars, the costs of the pe 
time ($1250) and postage ($50) amounted to a 
mately $1300 per 493 patients who were undergo 
gery, or $2.60 per patient. Assuming an average 
inflation zate of 6% since 1983, this figure might be 
as $4 per >atient in 1990. With the use of compute 
to automate the follow-up process (not widely a 
when the study of Rosendorf and colleagues” we 
the cost may actually be much lower.” 
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Discussion 


RICHARD J. HOWARD, MD, Gainesville, Fla: Certainly with 
shorter postoperative stays and a larger volume of surgery 
being done as outpatients, more and more wound infections 
will present only in the postdischarge or outpatient setting. 
How are we to get at these postoperative wound infections 
when the patients aren’t in the hospital? It involves more 
direct surveillance, something that the Surgical Infection So- 
ciety has backed, and in combination with the Society for 
Hospital Epidemiologists of America and the Centers for Dis- 
ease Control, is writing suggested guidelines for wound sur- 
veillance. It is hoped that the JCAHO will adopt these or 
similar policies. This is in no small part due to our ex- 
president Robert Condon. 

This study is significant in that it shows that a large percent- 
age of the wound infections, 35% in this study, were found only 
in the postdischarge period. Yet, many hospitals without the 
very good surveillamce techniques that your hospital does are 
resistant to intense surveillance largely because of cost. They 
maintain that looking at the laboratory for cultures of wounds 
will give them at least 90% or more of the wound infections and 
that is adequate survei lance. 

Did you look at the iadoratory results of cultured wounds, and 
what would have been the recovery rate of wound infections in 
your own hospital if you had done that? Second, you were able 
to follow up a large percentage of your patient population 
because they returned to your hospital's clinics. That is not true, 
of course, for most private hospitals in this country. And yet, you 
had a large number of patients—from what I can figure, about 
1500 if you take 10% of the 15 000 patients you surveyed over this 
period—who were not followed up by chart review. Did you at- 
tempt to test your cwn hypothesis that either telephone call or 
postcard follow-up would provide a large and worthwhile 
response to find out what wound infection rates were? 
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Finally, you estimate that the cost per wound infection is about 
$3600. Now, that is based on other studies that are somewhat 
older. The numbers may be different because many wounds, it 
seems to me, that present only in the posthospital setting may 
not require readmission to the hospital. They may have a much 
smaller or no cost. 

Although you cited others in figuring out the cost of postop- 
erative surveillance, why did you not make any attempt to fig- 
ure out your own cost from your own hospital setting on the 
charges per wound infection of this kind of surveillance? 

RONALD LEE NICHOLS, MD, New Orleans, La: I think your 
40% rate is what everyone finds if they do posthospital sur- 
veillance. I was a little confused exactly what your surveil- 
lance includes. In other words, did you use postcards? Did 
you send the nurse to the house? Did you see everyone on 
the 21st day? In the study reported by Brown and coau- 
thors, which I think I agree with you is one of the best to 
date, they sent a postcard to the surgeon and to the patient 
as well, as including clinic visits. I think that would be the 
way to do it, but I was unclear exactly how you did it. 

You mentioned things that are kind of surprising, including 
that you had more wound infections in clean surgery and 
that you had more wound infections in operations less than 
4 hours. I assume that is because the wide majority of oper- 
ations fell in these categories, or are we really doing that well 
today in clean surgery vs clean-contaminated, contaminated, 
and dirty? Do you have any data on 2 hours or less which is 
what people usually look at? Short operations are generally 
considered to be 2 hours or less. You used 4 hours or less vs 
2 hours or more. 

JAMES T. LEE, MD, PHD, Minneapolis, Minn: It is not true that 
all hospitals will find the same percentage of late wound infec- 
tions, Dr Nichols. At our hospital, the Minneapolis Veterans 
Administration Medical Center, our fraction of wound infections 
discovered after discharge has steadily increased over the years, 
and now is about 60%. So, we, in Minneapolis, have almost the 
inverse situation compared with the Parkland Memorial Hospi- 
tal data you have heard here this morning. 

Do you have any idea why—assuming you agree that our 
data are accurate—the fraction of wound infections diagnosed 
late seems to be creeping up? We have not had changes in 
our distribution of cases among the clean, clean- 
contaminated, and contaminated,classes, so that cannot ex- 
plain it. Even given the gratuitous definition of wound infec- 
tion as an inflamed wound for which someone gave a patient 
an antibiotic, an 8.9% overall infection rate is pretty high for 
the 1990s. Even if we cut that overall rate in half by suppos- 
ing that half of your infected patients fell under the loose 
definition: of wound infection, your overall rate is still almost 
twice ours. Why? I raise this point for a nonobvious reason. 
How can we generalize from your data if other hospitals have 
completely different sorts of performance within their own 
case distributions? In other words, maybe your work is a 
strong argument for the newer way of stratifying wound 
infection data throughout the country so that we can compare 
among hospitals. I mean, of course, the new risk-stratifying 
systems. 

I like the study, and I think that anything it can do to get peo- 
ple doing more wound surveillance is good. I am just not sure 
that we can agree to the generality that only 30% of wound in- 
fections come late. 

DIETMAR H. WITTMANN, MD, Milwaukee, Wis: You men- 
tioned that you were able to see all patients after discharge. 
In Milwaukee, I am having a problem seeing all patients once 
they have been discharged. Actually, the problem is such that 
we might even have to use some of your data to calculate the 
true infection rates based on those assessed while they are 
still in the hospital. It seems that the postdischarge infection 
rates are procedure specific. Would you recommend publish- 
ing data with respect to procedure and the ratio of in-hospital 
vs out-of-hospital infection rates? Do you think there are 
significant differences between hospitals, or do you think we 
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could use your data to assess or calculate true infection rates 
in our hospitals? 
PER-OLOF NYSTROM, MD, PHD, Linköping, Sweden: I was a 


your wound infection rate by stopping prescribing antibiotics for 
slightly inflamed wounds. 

DR WEIGELT: Dr Howard, most purulent wound infections 
detected by the surgeon are not cultured by the surgeon. If an 
ICP detects a wound infection, a culture will be done. Surgeons 
are universally not willing to culture the wound infection, at least 
in our hospital. 

There were a couple questions about the follow-up. The 
follow-up is varied dependent on the patient mix. We did not 
visibly contact 90% of the patients but reviewed 90% of the 
charts. The actual contact ranges from a low of 50% in your typ- 
ical trauma patient to about 95% in the transplant patients. 

We do not have procedure-specific data now although people 
have requested that of us, and we are in the process of putting 
the data together. I don’t personally believe in that approach to 
this surveillance process, but it has been requested by a number 


of people. 


Dr Nochols, we did clinic follow-up headed by the ICPs and the 
clinic narses. The doctors were taken out of this chain of events. 
Doctors’ input was not used for classification of wounds nor was 


Dr Lze, I have no answers for you, except to say that 
maybe your data are related to shorter stays in your hospital. 
I guess the other issue about these data is that each hospital 
needs te do a similar analysis and then decide how they want 
to do their surveillance and see how important postdischarge 
surveillance is to their institution. Maybe in their institution it 
is going to be more important than it is even in our institu- 
tion, but I think the message is clear that postdischarge sur- 
veillance is going to have to be worked out if we are going to 
get an eccurate incidence of SWI. 


ANNOUNCEMENT 


SAGES Position Statement 


It is the position of the Socie 
Surgeon 
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Guidelines for Clinical Care: Anti-infective Agents for 
Intra-abdominal Infection 


A Surgical Infection Society Policy Statement 


John M. A. Bohnen, MD; Joseph S. Solomkin, MD; E. Patchen Dellinger, MD; 
H. Stephen Bjornson, MD, PhD; Carey P. Page, MD 


è Several antibiotics have been marketed for therapeutic 
use in intra-abdominal infection. Often, these agents do not 
provide a sufficient spectrum activity against both faculta- 
tive and obligate anaerobic gram-negative organisms, or 
have certain toxic effects that would not otherwise support 
their use. Guidelines have been developed for selection of 
antibiotic therapy for intra-abdominal infections and are 
presented as a statement of the Surgical Infection Society 
endorsed by the Executive Council. These guidelines are re- 
stricted to infections derived from the gastrointestinal tract 
and deal with those microorganisms commonly seen in such 
infections. The recommendations are based on in vitro ac- 
tivity against enteric bacteria, experience in animal models, 
and documented efficacy in clinical trials. Other concerns 
regarding pharmacokinetics, mechanisms of action, micro- 
bial resistance, and safety were also used in the formation 
of these guidelines. For community-acquired infections of 
mild to moderate severity, single-agent therapy with cefox- 
itin, cefotetan, or cefmetazole or ticarcillin—clavulanic acid 
is recommended. For more severe infections, single-agent 
therapy with carbapenems (imipenenvcilastatin) or combi- 
nation therapy with either a third-generation cephalo- 
sporin, a monobactam (aztreonam), or an aminoglycoside 
plus clindamycin or metronidazole is recommended. Regi- 
mens with little or no activity against facultative gram- 
negative rods or anaerobic gram-negative rods are not con- 
sidered acceptable. 
(Arch Surg. 1992;127:83-89) 


i ntra-abdominal infections are common problems in 

surgical practice and often result in substantial acute 
illness and mortality. Antibiotic therapy complements 
early diagnosis, a well-conceived and well-executed op- 
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erative procedure, and hemodynamic, respiratory, and 
nutritional support. Antimicrobial agents are important 
elements of therapy, serving to reduce the incidence of 
persistent or recurrent abscess or peritonitis and to 
decrease the incidence of infective wound complications. 
The true value of one anti-infective regimen vs another 
has, however, become difficult to substantiate in current 
practice because of the potency of currently available 
therapeutics. Relatively recent refinements in resuscita- 
tive, diagnostic, and operative measures have themselves 
significantly contributed to improved outcomes.’ 

A wide variety of anti-infective agents have been mar- 
keted for treatment of patients with intra-abdominal 
infections, often with marked differences in their anti- 
bacterial spectra, toxic effects, and cost. Guidelines for use 
of specific agents are not available because of problems in 
clinical research. Discussions of these problems have been 
published under the auspices of the Surgical Infection 
Society.2? Most notably, a variety of patient-specific fac- 
tors that are independent of anti-infective therapy affect 
outcome. These include preexisting medical conditions 
that may impair adaptive physiologic responses to the ef- 
fects of infection, the patient’s resistance to the infection, 
the source and density of microorganisms, and the sever- 
ity of infection. 

Guidelines are also not available to aid the physician in 
making other, more complex therapeutic decisions. This 
is particularly true in such situations as the presence of 
uncommon or resistant organisms or apparent failure of 
the initial operative/antibiotic therapy. In these and other 
circumstances, insufficient clinical data exist to support 
specific therapeutic strategies. 

This report was developed by the Antimicrobial Agents 
Committee of the Surgical Infection Society as a set of 
guidelines for selection of antimicrobial therapy for intra- 
abdominal infections. This guideline is approved by the 
Executive Council of the Surgical Infection Society. Its 
purpose is to provide considered guidance to physicians 
caring for patients with intra-abdominal infection in 
regard to selection of appropriate anti-infective therapy. 


SCOPE AND DEFINITION OF INTRA-ABDOMINAL 
INFECTIONS 


For this article, intra-abdominal infection and secondary 
peritonitis are defined as the presence of a purulent exu- 
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Facultative 
Gram-negative Bacilli 






Escherichia coli Bacteroides fragilis 


Klebsiella species Bacteroides species 
Proteus species 

Enterobacter species Clostridium species 
Morganella morganii Peptococcus species 


Other enteric gram-negative species 
Lactobacillus species 


Table 2.—Conditions That Do Not Re 
Antibiotic Therapy 





quire Prolonged 











Condition Definition 






Dull-red serosa, edema, 
induration of appendix 


Early acute appendicitis 






As above with subserosal abscess 
formation; no gangrene, free 
perforation, or periappendiceal 
abscess 





Acute suppurative 
appendicitis 







Acute inflammation; no 
perforation, pericholecystic 
abscess, or cholangitis 


Simple acute 
cholecystitis 







Transmural necrosis from 
embolic, thrombotic, or 
obstructive vascular occlusion; 
no established peritonitis or 
abscess 


Simple dead bowel 







Perforation operated on within 
24 h of onset 


Perforations operated on within 
12 h of injury 


Gastroduodenal ulcer 
perforation 






Traumatic enteric 
perforations 






date in the abdominal cavity derived from an enteric 
source.’ Intra-abdominal infections are described on the 
basis of the viscus giving rise to the infecting flora. The 
sites of origin for infections covered by these guidelines 
include the following: distal esophagus/stomach/ 
duodenum; biliary tree; proximal small bowel: distal small 
bowel; appendix; colon; liver; spleen; and pancreas (in- 
cluding both peripancreatic abscesses and the more un- 
common infected pseudocysts). Postoperative infec- 
tions within the abdomen constitute an important class 
of intra-abdominal infections. Liver and spleen ab- 
scesses need to be described in relation to cause, eg, 
secondary to diverticulitis, appendicitis, etc. Intra- 
abdominal infections are then categorized on the basis 
of findings at operation or by computed tomography or 
ultrasound examination as single abscess, multiple ab- 
scesses, and/or peritonitis. Contiguous infection, such 
as a hepatic abscess arising in the gallbladder bed, is 
described as an abscess related to the primary organ 
site of infection. The bacteria covered by this guideline 
are detailed in Table 1. 

We have excluded from further consideration primary 
peritonitis (infected ascites), infections related to in- 
traperitoneal catheters, extra-abdominal infection. These 
guidelines do not address conditions in which contami- 
nation has occurred but infection is not established, or 
conditions in which a largely localized infectious process 
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Table 1.—Microorganisms Included in This Guideline 


Obligate Anaerobes 






Fusobacterium species 


Peptostreptococcus species 








Aerobic 
Gram-negative Bacilli 


Facultative 
Gram-positive Cocci 







Enterococci Pseudomonas aeruginosa 








staphylococcus species 






streptococcus species 











is treated by excision (Table 2). In these instances, antibi- 
otic therapy is prophylactic.** 


PATHOGENESIS AND MICROBIAL CAUSE OF 
INTRA-ABDOMINAL INFECTION 


Micrcorganisms may contaminate the peritoneal cavity 
due to one or a combination of processes described as 
traumatic, neoplastic, vascular (ischemic), or inflamma- 
tory. The last category includes such conditions as gas- 
troduocenal perforations due to peptic ulcer disease, 
Crohn’s disease, ulcerative colitis, diverticulitis, intralu- 
minal fcreign bodies, peripancreatic infections after acute 
pancreatitis, appendicitis, and cholecystitis. The micro- 
flora encountered in the resulting infections are suffi- 
ciently similar to be grouped together when antimicrobial 
therapy is considered. 

Enter‘c, particularly colonic, sources of infection intro- 
duce hundreds of different bacterial species into the peri- 
toneal cavity, but only a limited number appear to persist 
at the site of infection. This appears due to different sus- 
ceptibilities to oxygen, serum proteins, and leukocytes 
and to toxin production. 


GENERAL ASPECTS OF ANTIMICROBIAL THERAPY IN 
ABDOMINAL INFECTION 


It must be clearly stated that the use of antimicrobial 
agents active against the infecting flora reduces the inci- 
dence of failure.*" Antimicrobial therapy may not result 
in an identifiable improvement in survival rates. The goals 
of anti-infective therapy are to reduce the incidence of 
persistent and recurrent intra-abdominal infection. Min- 
imizing drug complications and cost are considerations 
that should guide selection of agents with similar spectra 
of activity. 

In practice, treatment with antimicrobial agents is often 
begun when the diagnosis of intra-abdominal infection is 
suspected. This is often before an exact diagnosis is made 
and before results of appropriate cultures are available. 
The clinician must, therefore, anticipate the pathogens 
most likely to be encountered at the site of infection. 
Intra-abdominal infections require coverage of enteric 
gram-negative facultative and obligate anaerobic bacilli 
(Table 1. 


APPROPRIATE SPECIMEN HANDLING 


Intraoperative cultures are the primary basis for subse- 
quent decisions regarding antimicrobial therapy. Fluid 
collections, particularly if purulent, should be obtained 
for Gram’s stain and culture. Specimens of infected intra- 
abdomiral fluid are either sent to the laboratory in a 
capped airless syringe with no needle or collected in ap- 
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Table 3. 







— Antimicrobial Sensitivities of Commonly 













Gram-negative 
Bacilli 









Penicillin 






Ampicillin + roca s 
Piperacillin +++ +++ 
Ticarcillint ++ p4 
Cefazolint i ot 0 
Cefamandole§ t 0 
Cefoxitin|| eg 0 
Cefotaxime4 +++ 0 
Imipenem +++ us 
Aztreonam +++ 0 
Aminoglycosides# +++ 0 
Clindamycin 0 0 
Metronidazole 0 0 
B-lactamase inhibitor- 
B-lactam combinations 
Ampicillin-sulbactam ++ +++ 
Ticarcillin-clavulanic 
acid ++ PENS 





*0 indicates little or no activity; +, some activity; + +, moderate to good activity; and + + +, excellent activity. 


tAzlocillin, mezloci'lin, and carbenicillin have similar spectra. 
Includes cephalothin, cephapirin, and cephradine. 
§Includes cefuroxime, cefonicid, cefotiam, and ceforanide. 
Includes cefotetan and cefmetazole. 


{includes ceftriaxone, ceftazicime, cefoperazone, and ceftizoxime. 


#\Includes gentamicin, tobramycin, netilmicin, and amikacin. 


propriate separate aerobic and anaerobic transport media. 
If the Gram’s stain reveals a predominance of gram- 
positive cocci, which may indicate that Enterococcus or 
other fecal streptococci are significant copathogens at the 
site of infection, the clinician should consider alterations 
in the antibiotic regime to include agents specifically ac- 
tive against Enterococcus.” Appropriate management of 
Enterococcus is controversial. Some believe that specific 
anti-Enterococcus therapy should be given only when En- 
terococcus is the only isolate or in the presence of bacter- 
emia. If the Gram’s smear reveals gram-negative bacilli, 
failure to isolate either facultative or obligate anaerobes on 
culture does not obviate the need to continue to provide 
antimicrobial agents agains: both. Local or regional hos- 
pital antimicrobial susceptibility patterns should be 
heeded when initial empiric therapy is selected." 


RATIONALE FOR SELECTION OF ANTIBACTERIAL 
AGENTS 


In vitro data, especially antimicrobial susceptibility 
tests, are predictive of the in vivo response of infecting 
bacteria to particular antibacterial agents. Although a va- 
riety of susceptibility testing techniques are available, disk 
or automated testing is appropriate for bacteria isolated 
from intra-abdominal infections except in extraordinary 
circumstances. Table 3 summarizes the in vitro suscepti- 
bilities of important pathogens to commonly used anti- 
infective agents in abdominal infection. 
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Encountered Pathogens to Parenteral Antibiotics Used 
in Abdominal Infection* 


Facultative Organisms and Aerobes 


Gram-positive Cocci 


Enterococci Streptococcus Species 





Obligate Anaerobes 
ee Os — eee _ 
Gram-negative Gram-positive Gram-positive 

Bacilli Bacilli Cocci 


Other 






















+++ - +++ 
+++ ++ +++ +++ 
+++ ++ ++ ++ 
+++ = +++ +++ 
+++ + ++ +++ 
++ ++ +++ +++ 
++ = ++ +++ 
+++ +++ +++ +++ 
0 0 0 0 
0 0 0 0 
++ +++ +++ +++ 
0 +++ +++ +++ 
+++ +++ +++ +++ 
+++ +++ +++ +++ 





The combination of evidence from in vitro data, animal 
studies, and clinical trials has led to widespread accep- 
tance of the need to provide empiric antimicrobial therapy 
directed against Escherichia coli and other common mem- 
bers of the family Enterobacteriaceae and Bacteroides fragi- 
lis.2"516 Bacteroides fragilis and E coli are the most common 
isolates from intra-abdominal infections and are the 
organisms most likely to cause bacteremia in abdominal 
sepsis, further attesting to their pathogenicity.” 

The evidence in support of broadening therapy to cover 
organisms other than common facultative and obligate 
anaerobes, such as E coli and B fragilis, is more controver- 
sial. Initial empiric coverage of Pseudomonas aeruginosa is 
associated with a decreased likelihood of persistent or re- 
current abdominal infection if these organisms are iso- 
lated from the site of infection." Other clinical trials using 
anti-infectives not effective against P aeruginosa have not 
found a high incidence of treatment failure with this or- 
ganism.” 


ANTIMICROBIAL REGIMENS 


The recommendations described in these guidelines are 
based on a variety of factors. These include the in vitro 
data provided, experience in animal models, documented 
efficacy in meaningful clinical trials, and certain theoret- 
ical concerns regarding pharmacokinetics, mechanisms of 
action, and safety profile. 
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Table 4. 





—Acceptable Antimicrobial Regimens 






Single Agents 


Community-acquired infections of mild to moderate severity 
Cefoxitin 
Cefotetan 
Cefmetazole 
Ticarcillin-clavulanic acid 












Severe infections 
Imipenem-cilastatin 












Combinations 






Antianaerobe* plus aminoglycosidet (young patient, no 
hypotension or renal compromise) 







Antianaerobe* plus third-generation cephalosporint 






Clindamycin plus monobactam§ 


*Antianaerobes include clindamycin or metronidazole. 
tAminoglycosides include gentamicin, tobramycin, netilmicin, 
and amikacin. 
+Cefotaxime and ceftizoxime. Ceftazidime and ceftriaxone are 
logical alternatives because of similar antimicrobial properties and 
lack of adverse effects: clinical data are insufficient. 
§Aztreonam. 


Not Recommended 


The following drugs should not be used as empiric 
therapy unless combined with acceptable agents listed 
below, because of inadequate coverage of both aerobic 
and anaerobic organisms: cefazolin and other first- 
generation cephalosporins, penicillin, cloxacillin and 
other antistaphylococcal penicillins, ampicillin, erythro- 
mycin, and vancomycin. 

Metronidazole and clindamycin should not be used 
alone because they lack activity against facultative enteric 
organisms. The following agents should not be used alone 
because of inadequate coverage of anaerobic gram- 
negative bacilli: aminoglycosides, aztreonam, polymyx- 
ins, cefuroxime, cefonicid, cefamandole, ceforanide, ce- 
fotiam, cefotaxime, ceftizoxime, cefoperazone, 
ceftriaxone, and ceftazidime. 

Because of inadequate clinical data documenting effi- 
cacy and concerns about resistance, the following drugs 
Should not be used as single agents for empiric therapy 
despite their relative safety and broad in vitro antibacte- 
rial spectra: piperacillin, mezlocillin, azlocillin, ticarcillin, 
and carbenicillin. 

Certain agents have appropriate in vitro spectra of ac- 
tivity but serious toxic effects and are therefore not 
acceptable. Chloramphenicol is myelosuppressive and 
may lead to aplastic anemia.*” Moxalactam should not be 
used because of its potential to cause bleeding.?!” 

For patients whose abdominal infection develops in the 
hospital after previous antibiotic therapy, cefoxitin, ce- 
fotetan, cefmetazole, cefotaxime, ceftriaxone, and cefti- 
zoxime should not be used because of the risk of resistant 
facultative gram-negative organisms. Newer agents, such 
as quinolones, should not be used until subjected to 
proper clinical trial. 


Recommended 


Recommended regimens are listed in Table 4. Amino- 
glycosides are associated with the greatest toxic effects, 
especially in the elderly or patients with renal compro- 
mise, hypotension, and large cumulative dose, and re- 
quire serum level monitoring.2”’ Cost or hospital formu- 
lary considerations may make one of these regimens 
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preferable to the recommended agents listed below. The 
combination of penicillin or ampicillin plus aminoglyco- 
side pus antianaerobe is recommended only if entero- 
coccal infection is suspected based on Gram’s stain or 
thought to be clinically relevant (eg, associated with en- 
terococcal bacteremia). 

The choice for a particular patient will depend on the 
source of infection, the severity of the infection, the pa- 
tient’s age, the degree of renal impairment, and local for- 
mulary considerations. 


OTHER CONSIDERATIONS 
Safety 


Antimicrobial agents may cause a wide variety of 
adverse effects, some of which are not dose related, such 
as anaphylaxis, and, more commonly, those that are re- 
lated tc dose and duration of treatment. Preexisting med- 
ical corditions, such as renal failure and the severity of 
abdom-nal infection as manifested by shock, may increase 
the inc-dence and severity of drug complications. Com- 
mon, Fotentially harmful effects of antibacterial agents 
include immediate hypersensitivity, nephrotoxic effects, 
ototoxie effects, coagulopathy, diarrhea, colitis often sec- 
ondary to Clostridium difficile, and perhaps fungal super- 
infection. Some effects have little potential for harm but 
may caase discomfort. Others pose diagnostic problems 
that mey in turn prompt unnecessary and even invasive 
tests tc exclude other sources of difficulty. Clinicians 
should familiarize themselves with the adverse effects of 
antimicrobial agents that they use for treatment of intra- 
abdominal infection, 


Resistance 


The ase of anti-infective agents may result in the 
development of bacterial resistance. This can take the 
form of initially susceptible isolates becoming resistant 
during treatment or the appearance of other organisms 
resistant to the antimicrobial agents used.*”? Individual 
patients may develop extra-abdominal nosocomial infec- 
tions w-th resistant organisms. 

An important factor promoting resistance of bacteria to 
anti-infective agents is the inappropriate use of such 
agents both inside and outside of hospitals. Indiscrimi- 
nate use must be avoided, and therapy should be contin- 
ued only as long as necessary. Acquisition of resistance 
during therapy with aminoglycosides is substantially less 
commor than with the penicillins and cephalosporins.” 
Therapy with “advanced-generation” penicillins and 
extended-spectrum cephalosporins as single agents is as- 
sociated with the acquisition of resistant strains for 
Pseudomonas and Enterobacter species.” If these organisms 
are identified, an aminoglycoside may be indicated. 
Drug-resistant organisms, including gram-negative fac- 
ultative bacilli, Enterococcus, Staphylococcus epidermidis, 
and funzi, are more likely to be encountered in recurrent 
abdominal infection than in a first episode.*! 


Cost 


Assuring equivalent efficacy, safety, and potential for 
resistance, the least expensive antimicrobial regimen 
should be chosen over others. The direct costs of drugs 
may be outweighed by the costs of treatment failure and 
adverse drug effects. 
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Methods of Drug Administration 


Route.—Intravenous drug administration is routinely 
used to ensure absorption in patients with hemody- 
namic disturbances. The use of rectal, oral, or intra- 
muscular routes of administration is currently being ex- 
amined as completion therapy, and these routes are attrac- 
tive on the basis of cost. Intraperitoneal antimicrobial 
instillation, either during or after operation, remains con- 
troversial, with no clear evidence of benefit.” 

Dose and Interval.—Recommendations provided in 
the package insert should be used as guides for deter- 
mining dose and dose interval. Most commonly used 
antimicrobial agents penetrate peritoneal fluid, and 
penetration is related to plasma concentrations. The 
minimum inhibitory concentration is commonly used 
to describe the activity of a given antibiotic against a 
particular organism. In this test, the concentration of 
antibiotic needed to prevent growth of bacteria is mea- 
sured and reported as micrograms per milliliter. Recent 
work has shown that efficacy of cephalosporins, peni- 
cillins, and other cell-wal'—active antibiotics does not 
depend on the peak serum level but rather on the time 
during which serum levels are above the minimum 
inhibitory concentrations of the agent for the bacteria 
being treated.** This supports the use of more fre- 
quent dosing intervals with lower doses. Because of 
the relative safety of these drugs, serum concentrations 
commonly exceed the minimum inhibitory concentra- 
tions for important organisms by several fold. Mini- 
mum inhibitory concentretions determinations are of 
value in determining antibiotic selection for patients 
not responding as anticipated. 

Efficacy of aminoglycoside therapy is related to the 
rapid achievement of “peak” serum levels four to eight 
times the anticipated minimum inhibitory concentra- 
tions. Without serum level monitoring, patients more 
commonly have subtherapeutic levels rather than toxic 
levels. Current dosing recommendations for amino- 
glycosides include initial dosing at 2 mg/kg for gentam- 
icin, tobramycin, and netilmicin and 20 mg/kg for ami- 
kacin, with an initial dosing interval of 12 hours.” 
Monitoring of aminoglycoside serum levels is necessary 
to ensure therapeutic peak levels and nontoxic trough 
levels. Determination of eminoglycoside peak and se- 
rum levels should be obtained on the first or second 
dose, and an early change to a therapeutic dose and 
dosing interval should be made. The common practice 
of beginning with low coses and adjusting upward 
results in prolonged delays in achieving therapeutic 
levels and is associated with an increased incidence of 
treatment failure.” 

Duration. —Anti-infective agents are routinely given 
for 5 to 7 days for genera ized peritonitis and localized 
abdominal abscess. In both categories of infection, an- 
timicrobial agents should be continued until tempera- 
ture and white blood cell count are within normal 
limits. Discontinuation of anti-infective agents while 
the patient has fever or leukocytosis is associated with 
an increased risk of recurrent or persistent abdominal 
infection. If clinical improvement is not evident 
within 4 days, or if fever or leukocytosis persists after 
more than 5 days of therapy, undrained abdominal 
infection or an inadequately treated extra-abdominal 
infection should be sought. 
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SPECIAL CONSIDERATIONS 
Appendicitis 

The principles and recommendations for antimicrobial 
selection in gangrenous and perforated appendicitis and 
periappendiceal abscesses are as detailed above. The du- 
ration of antimicrobial therapy may be shorter for early 
acute and acute suppurative appendicitis. In these condi- 
tions, antibacterial treatment is prophylactic and should 
be begun before the incision to protect the surgical wound 
from infection. If the appendix is normal, or if it is 
inflamed but not perforated, the drug or drugs may be 
discontinued. If gangrene or perforation is found, the 
anti-infective regimen should be continued until the pa- 
tient has shown clinical improvement with return of 
bowel function, is afebrile, and has a white blood cell 
count below 12.0 x 107/L. 

Some infections, including diverticulitis without ab- 
scess formation and late appendicitis, may be treated 
without operation. In this case, antibiotic therapy as de- 
scribed above may be given for hospitalized patients. 
When a clinical response has been achieved, or if the pa- 
tient is being treated outside the hospital, oral therapy 
with a combination of agents effective against E coli and 
B fragilis may be used. Amoxicillin plus clavulanic acid, 
sulfamethoxazole-trimethoprim plus metronidazole, or a 
quinolone with metronidazole have appropriate in vitro 
spectra of activity, although no published data on this 
form of therapy are available. 


Septic Complications of Acute Pancreatitis 


Acute pancreatitis itself may mimic infection with such 
findings as abdominal pain and tenderness, fever, and 
leukocytosis. However, the use of prophylactic antimi- 
crobial agents in uninfected acute pancreatitis is not rec- 
ommended. Computed tomography-guided percutane- 
ous aspiration is a_ reliable and safe method of 
distinguishing infected from uninfected pancreatitis. The 
presence of bacteria on Gram’s stain or culture of aspi- 
rated material denotes infection. 

The diagnosis of pancreatic or peripancreatic infection 
is associated with either necrotic tissue, which requires 
débridement, or loculated fluid collections, which require 
drainage. In these circumstances, antimicrobial therapy 
should be administered as described above, with therapy 
continued until clinical improvement occurs along with 
normalized temperature and white blood cell count. 
There appears to be a risk of acquisition of drug- 
resistant organisms due to superinfection, and cultures 
should be obtained during each reoperation. Therapy 
should be guided by results of these cultures. The 
initial choice of antimicrobial regimen should be based 
on Gram’s stain and culture of infected tissue or fluid 
taken by percutaneous aspiration or at operation. Ini- 
tial empiric coverage, as in other types of abdominal 
infection, should include E coli and other aerobes, plus 
B fragilis and other anaerobes. 


Fungal Peritonitis 


Candida species may be identified in infected intra- 
abdominal fluid. When fungi are isolated at the first 
operation for community-acquired intra-abdominal sep- 
sis, therapy with amphotericin B is not recommended. 
In patients who have recently received immunosup- 
pressive agents, such as steroids or antineoplastic ther- 
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apy, or in patients with recurrent intra-abdominal in- 
fection, there is a significant risk of progressive fungal 
infection if Candida is isolated from intra-abdominal cul- 
tures, and amphotericin B therapy improves outcome 
results, #4 


Tertiary or Recurrent Peritonitis 


In patients with recurrent or persistent abdominal 
infection, the infecting bacteria may be resistant to anti- 
microbial agents used in initial, empiric therapy.*! 
Treatment must be individualized, depending on previ- 
ous culture reports and local antimicrobial sensitivity 
patterns. Aminoglycosides may be the agents of choice for 
any facultative gram-negative organisms identified. 


Clinical Failure 


If abdominal infection appears to persist, a focus of in- 
fection that requires drainage is the usual cause. Treat- 
ment failure should be suspected if there is not substan- 
tial resolution of fever, leukocytosis, and ileus by the 3rd 
or 4th postoperative day. The clinical signs of persistent 
or recurrent abdominal infection may be mimicked by 
extra-abdominal infection and by a variety of noninfec- 
tious processes, including thrombophlebitis and drug fe- 
ver, Persistent or recurrent illness mandates a thorough 
examination and search for a drainable focus of infection 
within the abdomen, including noninvasive imaging 
studies, such as computed tomography or ultrasound ex- 
aminations. If one or more microorganisms isolated at the 
initial intervention is not susceptible to the antibiotics 
provided, a change of antimicrobial agents to provide 
such coverage is indicated. However, rarely will a change 
in antibiotics effect resolution of persistent or recurrent 
abdominal sepsis. 
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This is a well-thought-out position paper providing sound 
advice about choosing among the surfeit of antibiotics cur- 
rently available to trea: patients with infections in the abdo- 
men. It also provides an important message about a matter 
once controversial but no longer in dispute: the spectrum of 
antibiotics chosen must cover both aerobes and anaerobes to 
achieve success. | : 

The treatment of intra-abdominal infections encompasses 
some still-controversial issues about which experts differ. 
Even though I chaired the Executive Committee of the Sur- 
gical Infection Society at the time the society approved this 
position paper, there are some points in this report to which 
I would take exception. Let me first emphasize that the pa- 
per contains very solid advice that, if followed, will help cure 
patients suffering intra-abdominal infection. Having said 
that, let me illustrate the natuze of my exceptions by discuss- 
ing two points: the role of Enterococcus in abdominal infection 
and apparent differences in efficacy against E coli between 
G-lactamase inhibitor antibiotic combinations. 

Even though ignored in this paper, the pathogenic role of 
Enterococcus in a polymicrobic abdominal infection continues 
to be a matter of controversy. Controversy arises because En- 
terococcus is not a vigorous pathogen; it has comparatively 
poor capacity to invade and persist in tissue. Enterococci do 
not produce toxins or destructive enzymes, as do other 
gram-positive orgenisms, and they lack the capacity to 
exclude other bacteria actively from their environment as, for 
example, E coli does so readily. Rather, Enterococcus is a sur- 
vivor organism, often persisting because it is widely resistant 
to many antibiotics. 

When considering the pathogenic role of Enterococcus, it is 
important to distinguish between monomicrobic and poly- 
microbic infections. In monomicrobic situations, such as bac- 
terial endocarditis, in which Enterococcus is the only organism 
recovered, it clearly is acting as a pathogen and requires pri- 
mary treatment. However, in the context of abdominal infec- 
tions that are polymicrobic in nature, and in which Enterococ- 
cus is only one of mary species of bacteria present, it rarely 
acts as a primary pathogen. However, enterococci will persist 
if initial treatment of the infection fails. When such a clinical 
course is predictable, as in immunocompromised patients, 
then coverage of Enterococcus as a part of initial therapy is 
reasonable. But, for most patients, antibiotic therapy cover- 
ing enterococci in intra-abdominal infections is not necessary, 
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nor is the addition of antienterococcal coverage needed if ini- 
tial peritoneal cultures yield enterococci but the patient clin- 
ically is doing well.’ 

My second quibble concerns the recommendation of 
ticarcillin-clavulanic acid in preference to ampicillin- 
sulbactam, based on the apparent resistance of some strains 
of E coli to ampicillin-sulbactam. It is increasingly apparent 
that the difference in coliform sensitivity to these drugs is in- 
fluenced by the methods used to measure sensitivity and re- 
sistance in the laboratory. The disks used to measure the ef- 
ficacy of these antibiotics are not identical; the ticarcillin- 
clavulanic acid disk contains 75 pg of ticarcillin, whereas the 
ampicillin-sulbactam disk contains 10 pg of ampicillin. The 
difference in functional antibiotic concentration has the 
potential to alter apparent sensitivity (false resistance) when 
the efficacy of the two drug combinations is compared. Were 
it not for the artifactual deficit in efficacy against coliforms, 
ampicillin-sulbactam theoretically would be preferred be- 
cause it is more active against staphylococci, the sulbactam 
component is an active antibiotic in its own right (although 
a weak one), and sulbactam does not compete for penicillin- 
binding sites as does clavulanic acid. In fact, both drugs are 
equally efficacious in treating abdominal infections, and the 
differences between them are clinically unimportant. There- 
fore, I would appropriately update the information contained 
in Table 3 and broaden the recommendations contained in 
Table 4. My comments are offered primarily so that readers 
will be aware that, as is true of most clinical situations, all is- 
sues are not totally settled. Optimal therapy will change in 
evolutionary ways as new information about bacterial patho- 
genesis and antibiotic efficacy is acquired. It continues to be 
important for physicians to keep current with the new infor- 
mation continuously available in the literature. This Surgical 
Infection Society position paper provides a solid base on 
which to build a future framework of knowledge. 


ROBERT E. CONDON, MD, MS 
Milwaukee, Wis 
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Chronic Pancreatitis Beginning in 
Childhood and Adolescence 


J. Miles Little, MD, MS, FRACS, FACS; Noel Tait, FRACS; Arthur Richardson, FRACS; Reuben Dubois, MD, FRACP 


© We identified 10 patients with symptoms beginning before 
the age of 20 years in a group of 69 patients with proven 
chronic pancreatitis. Six of the 10 patients were women. There 
was a family history of pancreatitis in three patients and alco- 
hol exposure in seven patients. Three patients were dependent 
on narcotics at the time of presentation. Six of the 10 patients 
had pancreatic duct dilatation to 10 mm or more in diameter 
during observation. These six patients underwent pancreati- 
cojejunostomy, with clinical improvement in five patients. The 
median time of follow-up was 19 years from presentation. No 
patient developed diabetes and one developed malabsorption. 
Only three patients were free of pain, but four other patients 
had only mild episodes that rarely required hospital admission. 
One patient died of metastatic abdominal carcinoma of 
unknown origin 51 years after developing familial pancreati- 
tis. Chronic pancreatitis beginning at a young age is sufficiently 
common to merit special awareness. It is compatible with 
prolonged survival, and pancreaticojejunostomy may help if 
the pancreatic duct reaches sufficient size. The disease does 
not seem to burn out with time. 
(Arch Surg. 1992;127:90-92) 


C hronic pancreatitis beginning in childhood or adoles- 

cence is generally considered a clinical rarity, most 
commonly an expression of familial pancreatitis. Acute 
pancreatitis associated with virus infections very rarely 
progresses to a chronic disease.!3 Hyperlipidemic pan- 
creatitist* may progress, but this is rare. Traumatic pan- 
creatitis is increasingly diagnosed!? and may also 
Progress to the chronic form. Biliary and alcohol-related 
pancreatitis are considered uncommon. !? 

We have been impressed by the frequency with which 
patients with chronic pancreatitis have presented with 
their first symptoms in childhood and adolescence. We 
have analyzed the clinical data available from 69 patients 
with well-documented chronic pancreatitis. 


MATERIALS AND METHODS 


The database has been maintained prospectively in the Depart- 
ment of Surgery by J.M.L. for 10 years. Patients are drawn from the 
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database # the onset of symptoms and signs of proven pancreatitis 
occurred before the age of 20 years. All patients have more than one 
of the follbwing criteria for the diagnosis of pancreatitis: a clinical 
history of abdominal pain consistent with relapsing or continuing 
pancreatitis, a raised serum amylase concentration on more than 
one occasion, pancreatic calcification visible on plain abdominal 
roentgencgram or computed tomogram, and an abnormal endo- 
scopic ret-ograde cholangiopancreatogram. 

We doeimented the following for each patient: sex, age, history, 
number cf hospital admissions, activity status, known cause of 
pancreatitis, family history, alcohol and narcotic use, serum lipid 
and calcium levels, clinical pattern of pancreatitis, width of the 
pancreatic duct, presence of calculi within the duct, presence of 
calcium ir the pancreas, evidence of malabsorption and diabetes, 
treatment employed, degree of pain control, and mortality. All pa- 
tients underwent endoscopic retrograde cholangiopancreato- 
graphic examination. The study was undertaken in March 1991. 


RESULTS 
General 


Ten of 69 patients encountered in 10 years had a definite 
history of onset at an age less than 20 years. Six of these 10 
patients were female, compared with 13 of the 59 older pa- 
tients, a significant difference (P = -0216, Fisher Exact Test). 

The median age at onset was 13.5 years, with a range 
of 3 to 17 years. The median age at onset in the older pa- 
tients was 39 years, with a range of 21 to 69 years. 

The median duration of symptoms at the time of pre- 
sentation to the hospital was 10.5 years for the young age 
group (range, 1 to 50 years). The median duration for the 
older greup was 5 years, witha range of 1 to 25 years. The 
younger patients were followed up medically for a me- 
dian of 19 years (range, 3 to 51 years). 

The younger patients had a median of 12.5 hospital ad- 
missions (range, two to 25 admissions) compared with a 
median vf five admissions for the older patients (range, 
zero to <5 admissions). 

Despite the frequency of hospital admissions, eight of 
the 10 younger patients were leading reasonably active 
lives, attending school or holding jobs. 

A summary of clinical data is given in the Table. 


Etiology 


No patient had hyperlipidemia, hyperparathyroidism, or 
a'-antitrypsin deficiency. One patient had well- 
documented cystic fibrosis. Three patients had a family his- 
tory of pancreatitis. In two patients from the same family, 
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Patient No. Sex Age, y Cause 


F 10 Idiopathic No 
F 9 Familial No 
F 15 Alcohol No 
M 17 Alcohol No 
F Cystic fibrosis Yes 
M Alcohol Yes 
M 17 Alcohol No 
F 14 Alcohol Yes 
M 17 Alcohol No 
F Alcohol 





there was no history of autosomal dominant disease; this 
father and daughter were the only members affected in 
three generations. The third patient was a member of a large 
family with many members affected. In two patients there 
was no obvious causal agent identified, although one 
patient had a family history of hyperlipidemia. 

Alcohol was related to relapses of pancreatitis in seven 
patients. Two of these seven patients also had the weak 
family history already mentioned. Six of these seven pa- 
tients drank more than 60 g of alcohol each day. The re- 
maining patient drank socially but noted that alcohol 
usually precipitated pancreatic pain. Alcohol abuse began 
at age 13 years in the youngest patient. 


Narcotic Dependence 


Three of the seven patients who drank more than 60 g of 
alcohol daily were using narcotics regularly at presentation. 


Diameter of the Pancreatic Duct 


Five of the 10 patients had pancreatic ducts measuring 
more than 10 mm in diameter, one had a duct of 4 mm, 
and four had ducts measuring less than 4 mm at the time 
of presentation. One duct that measured 3 mm in diam- 
eter at presentation measured 10 mm 3 years later. Thus, 
six of 10 ducts were eventually suitable for pancreaticoje- 
junostomy compared with 17 of 59 ducts in older patients. 
This difference does not reach statistical significance 
(P = .073, Fisher Exact Test). 

Pancreatic duct stones were present in five patients, 
and gland calcification was noted in four patients. 


Pancreatic Failure 


Only one patient developed malabsorption, after about 
30 years of pancreatitis. No patient became diabetic. The 
median time from diagnosis to the close of this study 
(March 1991) was 19 years (range, 3 to 51 years). 


Treatment 


Three patients were treated medically, with abstention 
from alcohol, oral pancreatic supplements, and appropriate 
analgesics. The conditions of two patients improved on this 
regime, with less pain, fewer hospital admissions, and no 
requirement for narcotics. One patient underwent celiac 
block, with no apparent benefit. Six patients had pancreat- 
icojejunostomies, with improvement in five patients. 

At the time of review. three patients were free of pain and 
four had improved. The remaining three patients reported 
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Pancreaticojejunostomy Improved 


Improved, died 12 mo later with 
cancer metastases 


Pancreaticojejunostomy 


Pancreaticojejunostomy Free of pain 









Pancreaticojejunostomy Improved 
Celiac block 
Medical 


Pancreaticojejunostomy 


Persistent pain 
Persistent pain 
Free of pain 
Pancreaticojejunostomy 
Medical 

Medical 


Persistent pain 
Free of pain 
Improved 


either no improvement or deterioration in their symptoms. 
Two of these three patients continued to drink heavily. 

Four patients continued to drink, and three remained 
dependent on narcotics. 

There was one death during the follow-up period in a 
60-year-old woman whose symptoms began at age 9 
years. She died of widespread intra-abdominal me- 
tastases from an unknown primary cancer. A pancreati- 
cojejunostomy had been performed 1 year before death. 
No metastases were seen at the time of that operation, and 
multiple pancreatic specimens taken at operation re- 
vealed no histologic evidence of carcinoma. 


COMMENT 


The medical literature does not indicate how commonly 
chronic pancreatitis begins in childhood or adolescence. 
Most articles concentrate on etiological and clinical associa- 
tions or on surgical treatment and describe small numbers 
of patients.'** Our own experience, also small, suggests 
that perhaps 14% of patients presenting with chronic pan- 
creatitis first experience significant symptoms before the age 
of 20 years (95% confidence interval, 7% to 25%). 

It is clear from the literature’? as well as from our own 
experience that the usual causes of chronic pancreatitis 
can be encountered before the age of 20 years. Gallstones, 
hyperlipidemia, trauma, alcohol exposure, and familial 
pancreatitis are all recognized causes. We were surprised 
by the number of patients in our own series whose pan- 
creatitis was related to alcohol and by the number of pa- 
tients who had been drinking heavily. Cystic fibrosis is a 
rare cause,! and chronic pancreatitis is said to occur in 
only 0.5% of cases of cystic fibrosis. a'-Antitrypsin defi- 
ciency has been implicated, but the association is uncer- 
tain.! Similarly, aminoaciduria occurs in some families 
with the syndrome of familial pancreatitis'’ but is not 
thought to be causally related. Hyperparathyroidism has 
also been blamed,! but, again, the association is unclear. 
Anatomical anomalies of the pancreatic duct and the 
pancreaticobiliary sphincteric mechanism have also been 
reported,'*°? but anomalies such as pancreas divisum*® 
and common channel junction of the biliary and pancre- 
atic ducts— which may occur in choledochal cyst —are ex- 
ceptional.” 

Perhaps the most convincing explanation of the gene- 
sis of chronic calcifying pancreatitis (the common form 
encountered in these young patients’) was offered by 
Sarles and coworkers. !”!8 They demonstrated that calcium 
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carbonate is maintained in solution in normal pancreatic 
juice by binding to pancreatic stone protein (PSP). A de- 
ficiency of PSP causes precipitation of calcium carbonate. 
Deficiency of PSP is found in patients with familial pan- 
creatitis, and Sarles et al showed that alcohol ingestion 
also lowers PSP secretion. This observation may explain 
several phenomena. A gross deficiency of PSP is proba- 
bly inherited in an autosomal dominant fashion, with an 
expressivity of 40% to 80%, in familial pancreatitis. Lesser 
degrees of PSP deficiency may explain why some families 
have more than one member affected by chronic pancre- 
atitis, without the inheritance pattern expected of an au- 
tosomal dominant genetic anomaly. The exacerbating ef- 
fect of alcohol may explain the incidence of pancreatitis in 
the father and daughter in the present report. It may also 
explain why the mean incidence of familial pancreatitis is 
bimodal, the first peak occurring at about 10 to 12 years, 
the second peak at about 17 years, when the adolescent 
is most likely to begin drinking. 

Clinically, the pancreatitis tends to follow the chronic 
relapsing pattern rather than the continuing pattern. 
Pancreatic duct dilatation tends to occur more often than 
it does in older patients with chronic pancreatitis, al- 
though the difference did not reach statistical significance 
in the present study. Pancreatic failure, expressed as di- 
abetes or malabsorption, was uncommon in our patients, 
but diabetes has been reported in 10% to 25% of patients 
in other series, and malabsorption in 5% to 45% of 
patients.’ 

Pancreaticojejunostomy is a procedure with a good 
record of pain relief in chronic pancreatitis in adults!*#! 
and children” with appropriately dilated pancreatic 
ducts. It was used in six of our 10 patients, with improve- 
ment in clinical symptoms in five patients. It has been ac- 
cepted for many years that pancreaticojejunostomy can be 
useful for relieving pain but that it has no effect in 
preventing deterioration in pancreatic function. With 
patients who undergo pancreaticojejunostomy for pan- 
creatitis that begins at an older age, our experience has 
been that diabetes and malabsorption develop at the same 
rate as in patients who do not undergo the operation. Re- 
cently, however, Nealon and colleagues? have ques- 
tioned this, concluding that the operation may delay im- 
pairment of pancreatic function. 

With pancreatic supplements and strong advice and 
support to stop alcohol consumption and with pancreat- 
icojejunostomy in suitable patients, seven of 10 patients 
improved to the extent that they require no narcotics and 
no more than one hospital admission each year. Only 
three patients are completely free of pain. No patient who 
has continued to drink alcohol has become free of pain, 
and this observation supports our previous experience 
with older patients.” 

The mortality of chronic pancreatitis is relatively low. 
One of our 10 patients died of a metastatic abdominal 
malignant neoplasm of unknown origin. Kattwinkel and 
colleagues’ have noted previously that there is an excess 
incidence of malignant neoplasms among patients with 
familial pancreatitis. Of 54 patients who died after suffer- 
ing from familial pancreatitis for varying periods, eight 
died of pancreatic carcinoma and five died of other 
abdominal malignant neoplasms. 

The follow-up period for these patients from the time of 
onset of pancreatitis varied from 3 to 51 years, with a median 
of 19 years. There is no evidence that the disease “burns out” 
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in time. These patients (with three exceptions) remained 
symptamatic. No diabetes developed, and only one patient 
developed malabsorption, suggesting that the disease is less 
destructive than disease that begins later in life. 
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Hypertonic Saline Treatment of Uncontrolled 
Hemorrhagic Shock at Different Periods From Bleeding 


Michael M. Krausz, MD; Ezekiel H. Landau, MD; Baruch Klin, MD; Diza Gross, PhD 


@ Hypertonic saline has been recently recommended for 
treatment of patients in hemorrhagic shock. Infusion of hy- 
pertonic saline at different periods in cases of uncontrolled 
hemorrhagic shock was studied in rats. The animals were 
divided into six groups: in group 1 uncontrolled hemor- 
rhagic shock was induced by tail resection and no hyper- 
tonic saline was administered: in group 2 hypertonic saline 
was administered 5 minutes after shock was induced; in 
group 3 hypertonic saline was administered 15 minutes af- 
ter shock was induced; in group 4 hypertonic saline was 
administered 30 minutes after shock was induced; in group 
5 hypertonic saline was administered 60 minutes after shock 
was induced; and in group 6 hypertonic saline was admin- 
istered 120 minutes after shock was induced. Tail resection 
in rats in group 1 was followed by a mean+SEM bleeding 
of 2.7+.03 mL in 5 minutes. Infusion of hypertonic saline 
after 5 and 15 minutes resulted in additional bleeding of 
6.3+1.0 mL and 3.8+0.5 mL, respectively, and a drop in 
mean arterial pressure to 36+8 mm Hg and 56+9 mm Hg, 
respectively. Mortality was 80% in group 2 and 53% in 
group 3. Infusion of hypertonic saline 30 and 60 minutes 
after shock was induced did not alter bleeding, mean arte- 
rial pressure, or survival. Infusion of hypertonic saline 
within 15 minutes of hemorrhagic shock resulted in in- 
creased bleeding, hypotension, and early death. Infusion 30 
minutes or later did not alter these variables. This potential 
danger of early hypertonic saline therapy should be consid- 
ered in the treatment of patients in trauma. 
(Arch Surg. 1992;127:93-96) 


mall-volume hyptertonic sodium chloride infusion has 
recently been used for treatment of hemorrhagic 
shock. Infusion of 7.5% sodium chloride (ie, 2400 mmol/L) 
in a volume equal to 10% of the shed blood in dogs suc- 
cessfully restored circulatory function and indefinite sur- 
vival without accompanying blood transfusion.’ Hyper- 
tonic saline (HTS) was found to increase mean arterial 
pressure (MAP) and cardiac output, with marked eleva- 
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tion of renal, mesenteric, total splanchnic, and coronary 
flow.” This favorable effect in laboratory animals encour- 
aged the use of this mode of therapy for the initial treat- 
ment of patients in hemorrhagic shock in the hospital as 
well as in prehospital field resuscitation settings.” 

We previously studied the effect of HTS in two types of 
hemorrhagic shock: the first, termed controlled hemor- 
rhagic shock (CHS), was induced by bleeding through an 
arterial cannula that was permanently occluded immedi- 
ately following the hemorrhagic insult. The second type, 
termed uncontrolled hemorrhagic shock (UCHS), was 
induced by injury to intra-abdominal blood vessels or re- 
section of the terminal portion of the animal's tail, lead- 
ing to continuous blood loss from injured vessels. We 
found that infusion of HTS in animals in CHS was 
followed by a rise in MAP and improved survival, results 
that are similar to those of previous studies, while infu- 
sion of 7.5% sodium chloride in animals in UCHS was 
followed by increased bleeding from injured vessels, a 
drop in MAP, and increased early death.*”° 

In these studies, HTS was always administered 5 min- 
utes after the hemorrhagic insult. In the present investi- 
gation, HTS was administered at several different periods 
during the first 2 hours following the hemorrhagic insult. 


SUBJECTS AND METHODS 


Male Hebrew University strain rats weighing 215 to 380 g 
(mean+SEM weight, 315+17 g) were studied. The animals were 
anesthetized with 0.3 mL per 100 g anesthetic solution contain- 
ing 2 mL of droperidol (Neurolidol) (2.5 mg/mL) and 8 mL 
(5 mg/mL) of ketamine hydrocholoride (Ketalar). Polyethylene 
catheters (PE-50, Intramedic Medical Formulation, Clay-Adams, 
Parsippany, NJ) were introduced into the carotid artery and ex- 
ternal jugular vein for blood sampling, blood pressure and pulse 
rate measurements, and administration of intravenous HTS. 
Care was taken to keep the vagus nerve intact and untouched. 
Arterial pressure was continuously recorded (Model 7702B, 
Hewlett-Packard, Waltham, Mass) using calibrated pressure 
transducers (Statham Instruments Inc, Hato Rey, Puerto Rico). 
Pulse rate was determined from the arterial tracing. Blood 
hematocrit was measured with a hematrocrit centrifuge (Inter- 
national Equipment Co, Boston, Mass). 


Experimental Protocol 


The rats were randomly assorted into six groups as follows. In 
group 1 (n= 15), UCHS was induced with sharp resection of 10% 
of the animal’s tail. The bleeding tail was immediately directed 
into a graded tube, and blood loss was measured. The animals 
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Fig 1.—Blood loss from resected rats’ tails used to induce uncontrolled hemorrhagic shock that was treated with 5 mL/kg of 7.5% sodium 
chloride (hypertonic saline [HTS]) administered at different periods after the hemorrhagic insult. 
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Fig 2.— Change in mean arterial pressure in animals in uncontrolled 
hemorrhagic shock treated with 5 mL/kg of 7.5% sodium chloride 
(hypertonic saline [HTS]) administered at different periods after the 
hemorrhagic insult. 


were observed for 4 hours. In group 2;(n=15), UCHS was 
induced as in group 1, and after 5 minutes 5 mL/kg of 7.5% so- 
dium chloride was infused intravenously at a rate of 0.4 mL/min. 
In group 3 (n=15), UCHS was induced, and after 15 minutes 
5 mL/kg of 7.5% sodium chloride was infused intravenously. In 
group 4 (n=10), UCHS was induced, and after 30 minutes 5 
mL/kg of 7.5% sodium chloride was infused intravenously. In 
group 5 (n=10), UCHS was induced and after 60 minutes 
5 mL/kg of 7.5% sodium chloride was infused intravenously. In 
group 6 (n=10), UCHS was induced, and after 120 minutes 
5 mL/kg of 7.5% sodium chloride was infused intravenously. 
Mean arterial pressure, pulse rate, and hematocrit were 
determined before tail resection and 5, 15, 30, 60, 120, 180, and 
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Fig 3.—Swrvival time of rats in uncontrolled hemorrhagic shock 
treated with 5 mL/kg of 7.5% sodium chloride (hypertonic saline 
[HTS]) ad-ninistered at different periods following the hemorrhagic 
insult. 


240 minates afterward. Mortality was recorded during the 
4 hours of observation 


Statistical Analysis 


Data a-e presented as mean+SEM. One-way analysis of vari 
ance (ANOVA) was used to determine if a variable changed sig- 
nificantly with respect to time. This test was performed after ho- 
mogenei-y of variances was determined. When significant 
differences between groups were found, Duncan’s multiple 
comparison test was used. Differences were considered signif- 
icant at F<.05. For survival analysis, a statistical software pro- 
gram (Lite Table Method of SPSS-X, SPSS Inc, Chicago, Ill) was 
used to essess the outcome of the different groups. 
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0.38 + 0.02 0.33 +0.02 





*P< 05. 


RESULTS 


During the initial 5 minutes following 10% resection of 
the animals’ tails, 2.7+0.3 mL of bleeding occurred in an- 
imals in group 1(Fig 1), MAP cropped from 95+4 mm Hg 
to 63+2 mm Hg (P<.001; Fig 2) and the pulse rate dropped 
from 340+ 14 beats per minute to 272+16 beats per minute 
(P<.01). Early bleeding and a drop in MAP and pulse rate 
during the first 5 minutes following the hemorrhagic in- 
sult was similar in all six groups. An additional blood loss 
of 1.9+0.2 mL occurred in the first hour after hemorrhage, 
and the total blood less during the 4 hours of observation 
in the untreated animals in group 1 was 5.3+0.6 mL. 
Fourteen percent of the animals died during this period 
(Fig 3). 

iion of HTS after 5 and 15 minutes (groups 2 and 
3) resulted in a significant additional increase in blood loss 
* during the first hour of shock (6.3+1.0 mL [P<.005] and 
3.8+0.5 mL [P<.01], respectively). Total blood loss after 
4 hours was 10.3+1.5 mL (P<.005) in group 2 and 7.31.2 
mL (P<.01) in group 3 (Fig 1). This was followed by a drop 
in MAP to 36+8 mm Hg (P<.01) in group 2 and 56+9 mm 
Hg in group 3 after 60 minutes compared with 64+5 mm 
Hg in group 1. Eighty percent of the animals died in group 
2 during the 4 hours of observation (P<.02), and 53% of 
the animals died in group 3 (P<.05). 

Infusion of HTS 30 and 60 minutes (groups 4 and 5) fol- 
lowing the hemorrhagic insult increased the bleeding 
tendency only minimally, resulting in a total blood loss of 
5.0+0.6 mL and 6.0=0.6 mL, respectively, after 4 hours 
(Fig 1). Mean arterial pressure (Fig 2) and survival (Fig 3) 
did not change significantly in the two groups. Infusion 
of HTS after 120 minutes (group 6) resulted in an imme- 
diate increase in blood loss of 1.4+0.5 mL (P<.01) 1 hour 
after infusion without a significant hemodynamic re- 
sponse and a total blood loss of 5.67+0.7 mL after 4 hours. 
Ten percent of the animals died during this period. 

The change in hematocrit in the six groups is summa- 
rized in the Table. Early hemorrhage followed by a drop 
in hematocrit was followed by a significant further drop 
in hematocrit immediately following HTS administration 
and gradual reversal toward baseline value with time. 


COMMENT 


Infusion of 7.5% sodium chloride in animals in UCHS 
resulted in increased bleeding, drop in MAP, and early 
death when the HTS was administered during the first 15 
minutes following the hemorrhagic insult. Infusion of 
HTS after 30 minutes or more did not significantly alter 
blood loss, blood pressure, or survival rate. Previous 
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Hematocrit Decline in Rats in Uncontrolled Hemorrhagic Shock Treated With Hypertonic Saline (HTS) 
at Different Periods After Hemorrhagic Insult 


Mean (+SEM) Hematocrit Decline After Hemorrhagic Insult 


60 min 


0 0.38 + 0.02 0.32 +0.01 0.33 + 0.02 0.33 + 0.02 0.30 +0.03 0.31 +0.03 
5 0.36 + 0.03 0.26 + 0.01* 0.26 +0.02 0.23 +0.02 0.22 +0.02 0.28 + 0.03 
15 0.39 + 0.03 0.35 +0.03 0.29 + 0.08* 0.29 + 0.03 0.32 +0.02 0.30 + 0.03 
30 0.30 + 0.02 0.31 +0.03 0.25 +0.03* 0.26 +0.02 0.25 +0.02 0.28 + 0.02 
60 0.37 +0.02 0.30 +0.02 0.32 + 0.04 0.27 +0.02* 0.33 +0.02 0.32 +0.02 


0.33 +0.03 









120 min 180 min 240 min 








0.34 + 0.02 0.25 + 0.02* 0.25 + 0.02* 





studies found that infusion of HTS in cases of CHS was 
followed by restoration of blood pressure, cardiac output, 
oxygen consumption, and urine output.””! These benefi- 
cial effects were attributed to expanding the blood volume 
by drawing water out of the cells and perhaps also from 
the gut lumen,> augmenting myocardial perfor- 
mance, !*"5 venoconstriction, and systemic arteriolar dila- 
tation, +% 

Stimulation of pulmonary osmoceptors that in turn ac- 
tivated a cardiovascular reflex that restored cardiovascu- 
lar stability was also hypothesized."'”"* This favorable ef- 
fect of HTS in animal studies of CHS led several groups 
to suggest this combination for clinical use in hospital 
settings as well as for prehospital field resuscitation of 
patients in hemorrhagic shock.*’ In a clinical study of pa- 
tients with trauma, Holcroft et al’ found that infusion of 
7.5% sodium chloride and 6% dextran 70 solution was ef- 
fective in increasing systemic blood pressure in early field 
resuscitation of injured patients with short evacuation 
times. This is in seeming contrast to our results, which 
showed that HTS infusion in cases of UCHS was followed 
by increased bleeding, drop in MAP, and increased mor- 
tality. A possible explanation for this discrepancy is either 
that massive resuscitation with large amounts of isos- 
motic crystalloid solutions that were administered to both 
experimental and control groups masked the potential 
danger of increased bleeding or that HTS infusion was 
administered relatively late during hemorrhagic shock 
when bleeding vessels were more resistant to the bleed- 
ing effect of HTS. 

Our model of rat tail injury used in the present study 
has substantial clinical relevance to cases of human 
trauma because the response of the injured rat tail is sim- 
ilar to the results of previous studies in which intra- 
abdominal blood vessels were injured to induce UCHS.*” 
The HTS infusion led to increased intra-abdominal bleed- 
ing, hemodynamic deterioration, and increased mortal- 
ity. Quantitative measurement of blood loss was almost 
impossible in the peritoneal cavity so the rat tail injury 
model was used to induce UCHS and quantitate blood 
loss with time from the hemorrhagic insult.’ 

Hypertonic saline increased arterial blood pressure, 
cardiac output, and organ perfusion only in those cases of 
CHS in which the source of bleeding was immediately 
occluded following hemorrhage." In cases of UCHS, 
which supposedly better simulates shock states of pa- 
tients in trauma, HTS infusion led to renewed bleeding, 
drop in arterial blood pressure, and increased 
mortality.*"° Following blood vessel injury, bleeding from 
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injured vessels was reduced due toa drop in blood pres- 
sure and peripheral vasoconstriction that lowers local 
blood flow and promotes clot formation in injured ves- 
sels. Infusion of HTS elevated Systemic blood pressure 
and induced local vasodilation that resulted in increased 
bleeding. A direct effect of the HTS on dissolution of 
blood clots in injured vessels leading to late bleeding af- 
ter 60 minutes has also been postulated.’ 

In the present study, HTS treatment within 15 minutes 
after the hemorrhagic insult resulted in increased blood 
loss, hemodynamic deterioration, and increased mortal- 
ity. When treatment was instituted after 30 minutes or 
more, no increased blood loss was observed and there 
was no hemodynamic deterioration. 

Hypertonic saline has been suggested for treatment of 
trauma victims in early hemorrhagic shock following 
hemorrhagic insult in urban settings in which evacuation 
time is short and a policy of “scoop and run” is adopted. 
In urban areas in which arrival at the scene took 2to 5 
minutes, time at the scene 14.5 to 17.3 minutes, and 
transport time 8 to 10.5 minutes,”°! infusion therapy ad- 
ministered at the scene of an accident and during evacu- 
ation to a local hospital was often inadequate. Only 500 to 
1000 mL of crystalloids were infused before hospital 
arrival.”''° Infusion of a small amount of HTS (4 mL/kg), 
which was sufficient to induce marked hemodynamic 
improvement and which coùld be achieved during a short 
period, was thus suggested for effective field resuscitation 
in trauma settings with a short evacuation time of less 
than 30 minutes.” 

Intravenous infusions in patients in urban trauma set- 
tings are frequently started within 15 minutes after the 
hemorrhagic insult occurs. Generalizing from studies in 
which HTS was administered in combination with large 
amounts of crystalloid solutions to situations in which 
only a small volume of HTS can be administered, as well 
as in military combat where the amount of fluid that can 
be carried by the troops is limited, carries the potential 
danger of inducing uncompensated excessive bleeding. 
This controversy canionly be critically evaluated if, in on- 
going clinical studies, the timing of HTS infusion follow- 
ing injury will be specifically recorded and a group of 
carefully monitored patients will be resuscitated only with 
HTS and without a supplement of massive isosmotic 
crystalloid solutions. | 

When small-volume HTS resuscitation of animals in 
UCHS was instituted within 15 minutes after the hemor- 
rhagic insult, it led to increased bleeding, drop in MAP, 
and early death. When infusion was started 30 minutes or 
more after the hemorrhagic insult, no increased bleeding, 
hemodynamic deterioration, or increased mortality was 
observed. This potential danger of early HTS therapy 
should be considered in treatment of patients with 
trauma. 


This work was supported in part by the Chief Scientist of the Min- 
istry of Health and The MJF Fund at Hadassah University Hospital, 
Jerusalem, Israel. 
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INDICATIONS AND USAGE 

Cipro® LV. is indicated for the treatment of infections caused by susceptible strains 
of the designated microorganisms in the Conditions listed below when the intra- 
venous administration offers a route of administration advantageous to the patient: 
Urinary Tract Infections—mild, moderate, severe and complicated 
infections caused by Escherichia coli (including cases with secondary bacteremia), 
Klebsiella pneumoniae subspecies pneumoniae, Enierobacter cloacae, Serratia 
marcescens, Proteus mirabilis, Providencia at alg Morganella morganii. 
Citrobacter diversus, Citrobacter freundii, Pseudomonas aeruginosa, 
ana trea epidermidis, and Enterococcus faecalis 

ipro I.V. is also indicated for the treatment of mild to moderate lower 
respiratory tract infections, skin and skin Structure infections and bone and joint 
infections due to the organisms listed in each section below. In severe and 
complicated lower respiratory tract infections, skin and skin structure infections and 
bone and joint infections, Safety and effectiveness of the iv formulation have not 
been established. 
Lower Respiratory Infections—mild to moderate infections caused by 
Escherichia coli, Klebsiella pneumoniae subspecies pneumoniae. Enterobacter 
cloacae, Proteus mirabilis, Pseudomonas aeruginosa, Haemophilus influenzae 
Haemophilus paraintluenzae and Streptococcus pneumoniae. 
Skin and Skin Structure Infections—mild to moderate infections caused 
by Escherichia coli, Klebsiella pneumoniae subspecies pneumoniae, Enterobacter 
cloacae, Proteus mirabilis. Proteus vulgaris, Providencia stuartii. Morganella 
morganii, Citrobacter treundii, Pseudomonas aerugincsa, Staphylococcus aureus, 
Staphylococcus epidermidis, and Streptococcus pyogenes 
Bone and Joint Infections—mild to moderate infections caused by 
Enterobacter cloacae, Serratia marcescens, and Pseudomonas aeruginosa. 

If anaerobic organisms are suspected of Contributing to the infection. 
appropriate therapy should be administered. 

Appropriate culture and Susceptibility tests should be performed before 
treatment in order to isolate and identity organisms causing infection and to 
determine their Susceptibility to ciprofloxacin Therapy with Cipro* I.V may be 
initiated before results of these tests are known; once results become available. 
appropriate therapy should be continued 

As with other drugs, some strains of Pseudomonas aeruginosa may develop 
resistance fairly rapidly during treatment with Ciprofloxacin. Culture and 
Susceptibility testing performed periodically during therapy will provide information 
not only on the therapeutic effect of the antimicrobial agent but also on the possible 
emergence of bacterial resistance 

CONTRAINDICATIONS 
Cipro” IV (ciprofloxacin) is contraindicated in persons with a history of hyper- 
sensitivity to ciprofloxacin or any member of the quinolone class of antimicrobial 
agents. 


WARNINGS 

THE SAFETY AND EFFECTIVENESS OF CIPROFLOXACIN IN CHILDREN, 
ADOLESCENTS (LESS THAN 18 YEARS OF AGE), PREGNANT WOMEN, 
AND LACTATING WOMEN HAVE NOT BEEN ESTABLISHED. (SEE 
PRECAUTIONS—PEDIATRIC USE, PREGNANCY AND NURSING 
MOTHERS SUBSECTIONS.) Ciprofloxacin causes lameness in immature oa 
Histopathological examination of the weight-bearing joints of these dogs revealed 
permanent lesions of the cartilage. Related quinolone-class drugs also produce 
erosions of cartilage of weight-bearing joints and other Signs of arthropathy in 
immature animals of various species. (See ANIMAL PHARMACOLOGY section in 
full prescribing information.) 

Convulsions have been reported in patients receiving ciprofloxacin. 

Convulsions, increased intracranial pressure, and toxic psychosis have been 
reported in patients receiving ciprofloxacin and cther drugs of this class. 
Quinolones may also cause central nervous system (CNS) stimulation which may 
lead to tremors, restlessness. lightheadedness, confusion and hallucinations. If 
these reactions occur in patients receiving ciprofloxacin, the drug should be 
discontinued and appropriate measures instituted As with all quinolones. 
Ciprofloxacin should be used with caution in patients with known or suspected CNS 
disorders, such as severe cerebral arteriosclerosis, epilapsy, and other factors that 
predispose to seizures. (See ADVERSE REACTIONS. 
SERIOUS AND FATAL REACTIONS HAVE BEEN REPORTED IN PATIENTS 
RECEIVING CONCURRENT ADMINISTRATION OF INTRAVENOUS 
CIPROFLOXACIN AND THEOPHYLLINE. These reactions have included cardiac 
arrest, seizure, status epilepticus and respiratory failure. Although similar serious 
adverse events have been reported in patients receiving theophylline alone, the 
possibility that these reactions may be potentiated by ciprofloxacin cannot be 
eliminated. If concomitant use cannot be avoided, serum levels of theophylline 
should be monitored and dosage adjustments made as appropriate. 

Serious and occasionally fatal hypersensitivity (anaphylactic) reactions, some 
following the first dose, have been reported in patients receiving quinolone therapy. 
Some reactions were accompanied by cardiovascular collapse, loss of 
CONSCIOUSNESS, tingling, pharyngeal or facial edema, dyspnea, urticaria, and itching 
Only a few patients had a history of hypersensitivity reactions. Serious anaphylactic 
reactions require immediate emergency treatment with epinephrine and other 
resuscitation measures. including oxygen, intravenous fluids. intravenous 
antihistamines, corticosteroids. pressor amines and aifway Management, as 
Clinically indicated. 

Severe hypersensitivity reactions characterized by rash, fever, eosinophilia, 
jaundice, and hepatic necrosis with fatal outcome Nave also been reported extremely 
rarely in patients receiving ciprofloxacin along with other drugs. The possibility that 
these reactions were related to ciprofloxacin cannot be excluded. Ciprofloxacin 
should be discontinued at the first appearance of a skin fash or any other sign of 
hypersensitivity 
Pseudomembranous colitis has been reported with nearly all 
antibacterial agents, including ciprofloxacin, and may range in severity 
from mild to li e-threatening. Therefore, it is important to consider this 
diagnosis in patients who present with diarrhea subsequent to the 
administration of antibacterial agents. 

Treatment with antibacterial agents alters the normal flora of the colon and may 
permit overgrowth of clostridia. Studies indicate "hat a toxin produced by 
Clostridium difficile is one primary Cause of “antibiotic-associated colitis.” 

After the diagnosis of pseudomembranous colitis has been established, 
therapeutic measures should be initiated. Mild cases of pseudomembranous colitis 
usually respond to drug discontinuation alone. In moderate to severe cases, 
consideration should be given to management with fluids and electrolytes, protein 
Supplementation, and treatment with an antibacterial drug effective against C. 


difficile 

PRECAUTIONS 
General: INTRAVENOUS CIPROFLOXACIN SHOULD BE ADMINISTERED BY 
SLOW INFUSION OVER A PERIOD OF 60 MINUTES. Local iv site reactions have 
been reported with the intravenous administration of ciprofloxacin. These reactions 
are more frequent if infusion time is 30 minutes oF less or if small veins of the hand 
are used. (See ADVERSE REACTIONS.) 

Crystals of ciprofloxacin have been observed rarely in the urine of human 
Subjects but more frequently in the urine of laboratory animals, which is usually 
alkaline. (See ANIMAL PHARMACOLOGY section in full prescribing information.) 
Crystalluria related to ciprofloxacin has been reported only rarely in humans 
because human urine is usually acidic. Alkalinity of the urine should be avoided in 
patients receiving ciprofloxacin. Patients should be well hydrated to prevent the 
formation of highly concentrated urine 

Alteration of the dosage regimen is necessa for patients with impairment of 
renal function. (See DOSAGE AND ADMINISTRAT N.) 

Moderate to severe phototoxicity manifested by an exaggerated sunburn 
reaction has been observed in some patients who were exposed to direct sunlight 
while receiving some members of the quinolone class of drugs. Excessive sunlight 
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As with any potent drug, periodic assessment c Organ system functions, 
including renal, hepatic, and hematopoietic, is advisable during prolonged therapy, 
Information for Patients: Patients Should be advise that ciprofloxacin may be 
associated with hypersensitivity reactions, even following a single dose, and to 
discontinue the drug at the first Sign of a skin rash or other allergic reaction 

Ciprofloxacin may cause dizziness and lighthead=dness: therefore, patients 
Should know how they react to this drug before theyyoperate an automobile or 
machinery or engage in activities requiring mental alertness or coordination 

Patients should be advised that ciprofloxacin may increase the effects of 
theophylline and caffeine. There is a possibility ofecefeine accumulation when 
products containing caffeine are consumed while taking quinolones. 


„Some quinolones, including ciprofloxacin, have-aho been shown to interfere 
with the metabolism of caffeine. This may lead to reduced clearance of caffeine and 


Quinolones have been reported to enhance the effec’s of the oral anticoagulant 
warfarin or its derivatives. When these products aresacmiinistered concomitantly, 
prothrombin time or other suitable coagulation tests shoud be closely monitored. 

Probenecid interferes with renal tubular secretion of =iprofloxacin and produces 


As with other broad-spectrum antimicrobial agents, prolonged use of 

ciprofloxacin may result in overgrowth of cee Organisms. Repeated 
usceptibility testing are 

— If superinfection occurs during therapy, approsriate measures should be 
aken 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Eight in vitro 
ea tests have been conducted with ciprofloxzin. Test results are listed 
below 

Salmonelia/Mictosome Test ( Negative) 

E coli DNA Repair ary (Negative) 

Mouse Lymphoma Cell Forward Mutation Assay (Positive) 

Chinese Hamster V79 Cell HGPRT Test (Negative) 

Syrian Hamster Embryo Cell Transformation Assay ( tegative) 

Saccharomyces cerevisiae Point Mutation Assay (Negative) 

Saccharomyces cerevisiae Mitotic Crossover and Gese Conversion 

Assay (Negative) 

Rat Hepatocyte DNA Repair Assay (Positive) 
Thus, ‘wo of the eight tests were positive, but results of the following three in vive 
lest systems gave negative results: 

Rat Hepatocyte DNA Repair Assay 

Micronucleus Test (Mice) 

Dominant Lethal Test (Mice) 
Long-term carcinogenicity studies in mice and fats have seen completed. After daily 
oral dosing for up to 2 years, there is no evidence that ciprofloxacin has any 
carcinogenic or tumorigenic effects in these Species. 
Pregnancy: Teratogenic Effects. Pregnancy Casegory C: Reproduction 
studies have been performed in rats and mice at doses-up to 6 times the usual daily 
human dose and have revealed no evidence of impaired fertility or harm to the fetus 
due to ciprofloxacin. In rabbits. Ciprofloxacin (30 and 10 mg/kg orally) produced 
gastrointestinal disturbances resulting in maternal weiahit loss and an increased 
incidence of abortion. No teratogenicity was obser=ed at either dose. After 
intravenous administration of doses up to 20 mg/kg, 10 maternal toxicity was 
produced, and no embryotoxicity or teratogenicity was observed. There are, 
however, no adequate and well-controlled studies in pregrant women. Ciprofloxacin 
should be used during pregnancy only if the potentialtbenefit justifies the potential 
risk to the fetus. (See WARNINGS.) 
Nursing Mothers: Ciprofloxacin is excreted in human milk. Because of the 
potential for serious adverse reactions in infants nursing from mothers taking 
ciprofloxacin, a decision should be made either to descontinue nursing or to 
discontinue the drug, taking into account the Importance € the drug to the mother 
Pediatric Use: Safety and effectiveness in children.anc adolescents less than 18 
years of age have not been established Ciprofloxacin causes arthropathy in juvenile 


animals. (See WARNINGS. ) 
ADVERSE REACTIONS. 

The most frequently reported events, without regard to drug relationship, among 
patients treated with intravenous Ciprofloxacin were .ausea, diarrhea. central 
nervous system disturbance, local iv site reactions, abnormalities of liver associated 
enzymes (hepatic enzymes) and eosinophilia. Headache, restlessness and rash were 
also noted in greater than 1% of patients treated with t= most common doses of 
Ciprofloxacin 

Local iv site reactions have been reported with the atravenous administration 
Of ciprofloxacin. These reactions are more frequent if the i fusion time is 30 minutes 
or less. These may appear as local skin reactions which resolve rapidly upon 
completion of the infusion. Subsequent intravenous administration is not 
contraindicated unless the reactions recur or worsen 

Additional events, without regard to drug relationship or route of 
administration, that occurred in 1% or less of ciprofloxaci courses are listed below: 

GASTROINTESTINAL: ileus, jaundice: gastrointestmal bleeding: C. difficile- 
associated diarrhea; pseudomembranous colitis: panc 2atitis; hepatic necrosis: 
intestinal perforation: dyspepsia: epigastric or abcominal pain, vomiting: 
constipation: oral ulceration: oral candidiasis: mouth dry ess; anorexia: dysphagia; 
flatulence. 

CENTRAL NERVOUS SYSTEM: convulsive seizures, 3aranoia, toxic psychosis, 
depression, dysphasia, phobia, depersonalizaion, manic reaction, 
unresponsiveness, ataxia, confusion, hallucinations, deziness, lightheadedness, 
paresthesia, anxiety, tremor, insomnia, nightmares, weakness, drowsiness, 
irritability, malaise, letharg 

SKIN/HY PERSENSITIVITY anaphylactic reactiors; erythema multiforme/ 
Stevens-Johnson syndrome, exfoliative dermatitis: toac epidermal necrolysis: 
vasculitis; angioedema: edema of the lips, face, neck, comjunctivae, hands or lower 
extremities, purpura; fever: chills: flushing, prurites, urticaria: cutaneous 
candidiasis; vesicles; increased perspiration: hypemigmentation:; erythema 
nodosum; photosensitivity, 

Allergic reactions ranging from urticaria to anaphy actic reactions have been 
reported. (See WARNINGS.) 

SPECIAL SENSES: decreased visual acuity, blurre: vision, disturbed vision 
(flashing lights, change in color perception. Overbrightne=s of lights. diplopia), eye 
pain, anosmia hearing loss, tinnitus. nystagmus, a bad tase. 

MUSCULOSKELETAL: joint pain: jaw. arm or back Dain; joint stiffness: neck 
and chest pain; achiness; flare-up of gout 

RENAL/UROGENITAL: renal failure, interstitial nephatis, hemorrhagic cystitis, 
renal calculi, frequent urination, acidosis. urethral blseding, polyuria, urinary 
retention, gynecomastia, candiduria, vaginitis. Crystalluma, cylindruria, hematuria, 
and albuminuria have also been reported. 

CARDIOVASCULAR: cardiovascular collapse, eardiopulmonary arrest, 
myocardial infarction, arrhythmia, tachycardia, palpitaton, cerebral thrombosis. 
syncope, Cardiac murmur, hypertension, hypotension, angna pectoris 

RESPIRATORY: respiratory arrest, pulmonary embousm, dyspnea, pulmonary 
edema, respiratory distress, pleural effusion, hemoptysis, spistaxis, hiccough 

IV INFUSION SITE: thrombophlebitis. burning, pen, pruritus, paresthesia, 
erythema, swelling, 

Also reported were agranulocytosis, prolongation >t prothrombin time and 
possibie exacerbation of myasthenia gravis 

Many of these events were described as only mile or moderate in severity, 
abated soon after the drug was discontinued and required ao treatment 

In several instances, nausea, vomiting, tremor, iriability or palpitation were 
judged by investigators to be related to elevated seren levels of theophylline 
Possibly as a result of drug interaction with ciprofloxacin 
Adverse Laboratory Changes: The most lrequemly reported changes in 
laboratory parameters with intravenous ciprofloxacin theredy, without regard to drug 
relationship, were: 


Hepatic-Elevations of AST (SGOT), ALT (SGPT), alkaline phosphatase, | 
and serum bilirubin. 

Hematologic—Elevated eosinophil and platelet counts, decreased plat 
Counts, hemoglobin and/or hematocrit. 

Renal—Elevations of serum Creatinine, BUN, uric acid 

Other—Elevations of serum creatinine phosphokinase, serum theophylline 
patients receiving theophylline concomitantly), blood glucose, and triglyceric 

Other changes occurring infrequently were: decreased leukocyte cor 
elevated atypical lymphocyte count, immature WBCs, elevated serum calcit 
elevation of serum gamma-glutamyl transpeptidase (yGT), decreased Bl 
decreased uric acid, decreased total serum protein, decreased serum albur 
decreased serum potassium, elevated serum potassium, elevated serum cholester 

Other changes occurring rarely during administration of ciprofloxacin we 
elevation of serum amylase, decrease of blood glucose, pancytopenia, leukocytos 
elevated sedimentation rate, change in serum phenytoin, decreased prothromt 
lime, hemolytic anemia, and bleeding diathesis. 

OVERDOSAGE 

in the event of acute overdosage, the patient should be carefully observed and giv 
Supportive treatment. Adequate hydration must be maintained. Only a smal! amot 
of ciprofloxacin (<10%) is removed from the body after hemodialysis or peritone 


dialysis DOSAGE AND ADMINISTRATION 

The recommended adult dosage for urinary tract infections of mild to modera 
severity is 200 mg every 12 hours. For severe of complicated urinary tract infectior 
the recommended dosage is 400 mg every 12 hours. 

_ The recommended adult dosage for lower respiratory tract infections, skin ar 
Skin structure infections and bone and joint infections of mild to moderate severity 
400 mg every 12 hours. 

The determination of dosage for any particular patient must take ini 
Consideration the severity and nature of the infection, the Susceptibility of th 
Causative organism, the integrity of the patient's host-defense mechanisms and th 
Status o' renal and hepatic function. 


DOSAGE GUIDELINES 
Intravenous ily 


Da 
Location of Infection Type or Severity Unit Dose Freque Dose 
Urinary tract Mild/Moderate 200 m 12h 400m 


—— Fg teh 400mg 
Severe/Complicated 400 mg gi2h 800 mg 
Lower Respiratory tract: 


Skin and Skin Structure; Mild/Moderate 400 mg qi2h 800mg 
Bone and Joint 


Cipro® I.V. should be administered by intravenous infusion over a 
period of 60 minutes. 

The duration of treatment depends upon the severity of infection. Generally, 
ciprofloxacin should be continued for at least 2 days after the signs and symptoms 
af infection have disappeared. The usual duration is 7 to 14 days. Bone and joint 
infections may require treatment for 4 to 6 weeks or longer. 

Ciprofloxacin hydrochloride tablets (Cipro*) for oral administration are 
available Parenteral therapy may be changed to oral Cipro® tablets when the 
Condition warrants, at the discretion of the physician. For complete dosage and 
administration information, see Cipro” tablet package insert 
Impaired Renal Function: The following table provides dosage guidelines tor 
use In patients with renal impairment; however, monitoring of serum drug levels 
provides the most reliable basis for dosage adjustment, 

RECOMMENDED STARTING AND MAINTENANCE DOSES 
FOR PATIENTS WITH IMPAIRED RENAL FUNCTION 


Creatinine Clearance Dosage 
(mL/min) 
>30 See usual dosage 
5-29 200 - 400 mg q 18 - 24 hr 


When only the serum creatinine concentration 'S known, the following formula may 

be used to estimate creatinine clearance 
Men: Creatinine - ar 
Clearance (mL/min)= 72 x serum creatinine (mg/dL) 


Women: 0.85 x the value calculated for men. 


The serum creatinine should represent a steady state of renal function. 

For patients with changing renal function or for patients with renal impairment 
and hepatic insufficiency, measurement of serum concentrations of ciprofloxacin will 
provide additional guidance for adjusting dosage. 

INTRAVENOUS ADMINISTRATION 

Cipro” I.V. should be administered by intravenous infusion over a period of 60 
minutes. Slow infusion of a dilute solution into a large vein will minimize patient 
discomfort and reduce the risk of venous irritation 

Vials ae Concentrate): THIS PREPARATION MUST BE DILUTED 
BEFORE USE. The intravenous dose should be prepared by aseptically 
withdrawing the appropriate volume of concentrate trom the vials of Cipro* IV. This 
Should be diluted with a suitable intravenous solution to a final concentration of 1-2 
mg/mL. (See COMPATIBILITY AND STABILITY.) The resulting solution should be 
infused over a period of 60 minutes by direct infusion or through a Y-type 
intravenous infusion set which may already be in place. 

lf this method or the “piggyback” method of administration is used, it is 
advisable to discontinue temporarily the administration of any other solutions during 
the infusion of Cipro” LV, 

Flexible Containers: Cipro” |V. is also available as a 0.2% premixed solution in 
5% dextrose in flexible containers of 100 mL or 200 ML. The solutions in flexible 
containers may be infused as described above ~~ 
COMPATIBILITY AND STABILITY 

Ciprofloxacin injection 1% (10 mg/mL), when diluted with the following intravenous 
solutions to concentrations of 0.5 to 20 mg/mL, is stable for up to 14 days at 
refrigerated or room temperature storage. 

0.9% Sodium Chloride Injection. USP 

5% Dextrose Injection, USP 
It Cipro* LV. is to be given concomitantly with another drug, each drug should be 
given separately in accordance with the recommended dosage and route of 
administration for each drug. gy SUPPLIED 
Cipro? IV. (ciprofloxacin) is available as a clear, colorless to slightly yellowish 
Solution. Cipro” I.V. is available in 200 mg and 400 mg strengths. The concentrate 
is Supplied in vials while the premixed solution is Supplied in flexible containers as 


follows 

CONTAINER SIZE STRENGTH NDC NUMBER 

Vial: 20 mL 200 mg, 1% 0026-8562-20 
40 mL 400 mg, 1% 0026-8564-64 

Flexible 

Container 100 mL 5% dextrose 200 mg, 0.2% 0026-8552-36 
200 mL 5% dextrose 400 mg, 0.2% 0026-8554-63 
STORAGE 
Vials Store between 41 - 77°F (5 - 25°C). 


Flexible Container’ Store between 41 - 77°F (5 - 25°C 

Protect from light, avoid excessive heat, protect from freezing. 

Ciprofloxacin is also available as Cipro® (ciprofloxacin HCI) Tablets 250, 500 
and 750 mg. 
Caution: Federal (USA) Law prohibits dispensing without a prescription. 
P2100736 Issued: January, 1991 Bay q 3939 5202-4-A-US -1 t 
06-4745 © 1991 Miles Inc. 1578 
References: 1. Traub WH, Spohr M, Bauer D Pseudomonas aeruginosa: in vitro 
Susceptibility to antimicrobial drugs, single and combined. with and without defibrinated 
human blood. Chemotherapy. 1988,34:284-297 2. Data on file, Miles Inc. Pharmaceutical 
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Somatostatin in the Management of 
Gastrointestinal Fistulas 


A Multicenter Trial 


Antonio J. Torres, MD; José |. Landa, MD; Mariano Moreno-Azcoita, MD; Jesús M. Arguello, MD; 
Gianfrance Silecchia, MD; José Castro, MD; Francisco Hernandez-Merlo, MD; José M. Jover, MD; 
Enrique Moreno-Gonzales, MD; José L. Balibrea, PhD 


è To evaluate the effectiveness of treatment with total 
parenteral nutrition (TPN) alone (group A) or combined 
with continuous intravenous infusion of somatostatin 
(group B) in postoperative gastrointestinal fistulas, a multi- 
center, controlled and prospective randomized trial was 
designed. We present the results obtained after the evalu- 
ation of 40 cases (group A, n= 20; group B, n= 20). No sig- 
nificant differences among these treatment schedules were 
observed in the percentage of closure of fistulas (group A, 
81.25%; group B, 85%), but patients treated with total 
parenteral nutrition plus somatostatin had the fistulas close 
within a significantly shorter period of time. Moreover, this 
treatment was associated with a significantly lower mor- 
bidity. These preliminary results indicate that somatostatin 
is a useful therapeutic complement in the conservative 
treatment of patients with gastrointestinal fistulas. 
(Arch Surg. 1992; 127:97-100) 


F xternal gastrointestinal and biliary-pancreatic fistulas 
are a frequent and serious complication of gas- 
trointestinal tract surgery, particularly when resection 
procedures are carriec out on malnourished or hypercat- 
abolic patients. Tota! parenteral nutrition (TPN) is one of 
the most effective treatments in the management of these 
complications, but requires long periods of time to 
achieve a spontaneous closure of the fistula and its use is 
followed by a significant morbidity and mortality.'° 
Somatostatin has been shown to reduce the volume and 
enzyme content of the gastrointestinal tract secretions.* 
These antisecretory properties seem potentially useful in 
reducing digestive fistula output and thus help in the 
conservative management of gastrointestinal fistulas." 
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On the basis of these facts, we planned a multicenter, 
controlled, randomized, and prospective trial to evaluate 
the effectiveness of TPN vs TPN plus somatostatin in the 
conservative management of postoperative gastrointesti- 
nal fistulas. 


PATIENTS AND METHODS 
Patients 


Forty patients with postoperative gastrointestinal fistulas with 
an output higher than 150 mL/d were included in this trial. These 
patients had undergone surgery between March 1988 and 
December 1988. All patients had fistulas that had been demon- 
strated radiologically, and they were included in the trial if the 
fistula was simple, with a single tract, and no distal obstruction 
was observed. Patients with early and gross (>1000 mL/48 h) 
leakage of the anastomosis, severe diabetes (>30 IU of insulin 
suspension, isophane, per day), intra-abdominal sepsis, intra- 
abdominal foreign bodies, or fistulas localized in cancer- 
infiltrated intestinal areas were excluded. Clinical data for the 
patients and characteristics of the fistulas are presented in the 
Table and Fig 1. 


Study Groups 


Once the exact diagnosis of postoperative fistula had been 
made and the patients checked for exclusion criteria, they were 
randomly assigned to two groups. Group A (n=20) received 
TPN. Group B received TPN alone during a 48- to 72-hour pe- 
riod. When the nitrogen balance was positive, continuous intra- 
venous infusion of somatostatin (Somatostatin-14, Serono Lab- 
oratories, Genova 17, Madrid, Spain) (250 g/h) was added to the 
treatment. All patients were given a conventional supportive 
therapy that included nasogastric suction, antibiotics, and ap- 
propriate wound protection. 

After 15 days of treatments, patients in group A who demon- 
strated a decrease in the fistula output that was less than 30% were 
reevaluated and thereafter included in group B. For patients in 
group B, somatostatin infusion was terminated when the fistula 
had been unproductive for 48 hours; if the fistula had not healed 
after 20 days of somatostatin infusion, its use was reviewed. 


Factors Analyzed 


Patients included in the study were admitted to a special 
postoperative room, where blood pressure, diuresis, tempera- 
ture, and heart rate were followed closely to exclude side effects 
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Clinical Data and Characteristics of the Fistulas 
Included in the Trial 










TPN, TPN + Somatostatin, 
Group A Group B Total 
(n= 20)* (n=20) (n=40) 















Mean age, y 
(range) 49.5 (37-78) 61.9 (35-74) 55.7 (35-78) 
Sex, 
M/F 10/10 16/4 26/14 
Fistula from 
Pancreas 3 4 7 
Duodenum 2 3 5 
Jejunum 4 3 7 
lleum 9 9 18 
lleocolic 2 






Output, mL/24 h 
N 
S 


Group A 


Group B 


Fig 1.—Significant differences existed with respect to pretrial fistula 
output. 


of somatostatin infusion (anaphylactic reactions and arterial hy- 
pertension). Routine laboratory tests were performed as needed 
to analyze the metabolic effects of the gastrointestinal fistula as 
well as the feasible hyperglycemia related to the somatostatin 
infusion. 

Fistula output was recorded daily (milliliters per day) and the 
following factors were evaluated: fistula closure rate, time that 
elapsed to achieve a 50% and 75% reduction of the fistula out- 
put (mean [+SEM] number of days ), interval of time for the 
complete healing of the fistula (mean [+SEM] number of days), 
and morbidity and mortality rates. 

Investigators were not “blind” to treatment. All patients 
included in the study gave oral consent and were blind as to be- 
ing in the control or treatment groups. Differences between 
groups were evaluated statistically by Student's unpaired t test 
and the Kolmogorov-Smirnov test. A P< .05 was taken as the 
level of significance. 


RESULTS 


Both groups were homogeneous regarding sex and site 
of the fistula. Nevertheless, significant differences existed 
with respect to age (group A, 49.5+5.02 years; group B, 
61.9+3.44 years; P<.05) and pretrial fistula output (group 
A, 202.50+37.64 mL/24 h; group B, 369.70+62.43 mL/24 h; 
P<.05)(Fig 1). 

Four patients in group A were transferred to group B 
because the volume of drainage decreased less than 30% 
after 15 days of TPN; in three patients a definitive healing 
of the fistula was observed. A definitive, spontaneous 
closure was obtained in 13 (81.25%) of the remaining 16 
patients in group A, and in 17 (85%) of 20 in group B. This 
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Days 


Fistula Output Reduction, % 


Fig 2.— zime intervals to achieve a reduction in fistula output to 
50%, 75%, and 100%. Mean (+SEM) number of days for closure of 
fistulas ia patients treated with TPN alone (group A, n=20) (closed 
bars) or combined with somatostatin (group B, n=20) (shaded 
bars). 
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Fig 3.— Morbidity for groups A (closed bars) (11/16 [68%]) and B 
(shaded wars) (7/20 [35%]). One patient in group B presented two 
complicacions. 


difference was not Statistically significant. In the cases 
in which conservative treatment did not heal the fistula 
(seven cases), the patients were treated surgically. The 
mean imterval of time to achieve the healing of the 
fistula in subjects treated with somatostatin (13.86 + 
1.84 dars) was significantly shorter than in those sub- 
jects treated with TPN alone (20.4 + 2.98 days) (P<.05) 
(Fig 2). 

In the group of patients treated with somatostatin, the 
amount of time that elapsed to achieve a fistula output 
reduction of 50% (5.18+0.91 days) and of 75% (7.53+1.15 
days) was also shorter than in the group of patients 
treated with TPN alone (50% output reduction, 9.8+2.02 
days; 72% output, 13.66+2.99 days). These differences 
were statistically significant (P<.05 at 50% and P< .01 at 
75% output reduction) (Fig 2). 

No mortality occurred in these 40 patients. The assess- 
ment of the morbidity of both groups demonstrated that 
the complications (catheter, abdominal, or urinary sepsis; 
pneumonia; pneumothorax; wound or skin problems) 
were significantly more frequent in patients from group 
A (11/16 [68.75%]) than in patients from group B (7/20 
[35%]) (P<.05) (Fig 3). Standard clinical measurements 
and laboratory tests did not show significant changes ei- 
ther before or after treatment, except in two patients in 
group B who presented with hyperglycemia that was 
controlled by insulin. 
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COMMENT 


The principles of successful management of enterocu- 
taneous fistulas have been described’ as being the reduc- 
tion of the volume and enzyme content of secretion from 
the fistula’ and the adequate nutritional support, which is 
an essential part of the treatment of enterocutaneous fis- 
tulas.2 Total parenteral nutrition has been shown to 
reduce the volume of gastrcpancreatic secretions in ex- 
perimentally created fistulas by 90% 2 Actually, TPN con- 
stitutes a standard approach to gastrointestinal fistulas’ 
and spontaneous closure is the rule with nutritional ther- 
apy and good supportive management.® Nevertheless, 
the time needed to achieve closure is lengthy in some in- 
stances, leading to high morbidity'*’ and delaying dis- 
charge, thus causing increased hospital charges." 

Many adjuvant treatmerts® have been used with 
different results. Somatostatin has been shown to inhibit 
gastric, pancreatic, biliary, and enteric secretions.* More- 
over, somatostatin either inhibits or blocks the effects of 
most of the gastrointestinal hormones and also dimin- 
ishes the motility of the gut. Somatostatin is used in this 
multicenter, controlled, prospective, and randomized 
study as an adjuvant to the conventional treatment of 
gastrointestinal fistulas with TPN. Somatostatin is used at 
a pharmacological dosage often recommended (250 g/h) 
with continuous intravenous infusion without the initial 
somatostatin bolus proposed by other authors”; the same 
pattern was followed by us and others in previous 
reports." Total parenteral nutrition was used alone 
during the first 48 to 72 hours to achieve a positive nitro- 
gen balance; this therapeutic management is followed by 
other authors” as well. 

A significant difference between both groups was 
found with respect to age (P<.05) and pretrial output 
(P<.05). Patients from group B were older and had higher 
output than those from group A. Both factors are recog- 
nized to impair the prognosis for patients with fistulas." 

We did not include patients with fistula output that was 
lower than 150 mL/d because these fistulas tend to close 
more quickly with only corventional therapy plus TPN. 
Patients with gross and early leakage of the anastomosis, 
severe diabetes, intra-abdominal sepsis, intra-abdominal 
foreign bodies, or fistulas -ocalized in cancer-infiltrated 
intestinal areas were excluded and surgery was indicated 
for all of them. 

In this study, the global rate of spontaneous healing of 
fistulas was 83%, similar in both groups. These results do 
not differ from those reported by other authors using TPN 
alone ° or TPN plus somatostatin infusion.”"'*"* 

The time needed tc reduce fistula output and to achieve 
spontaneous closure was significantly shorter in patients 
treated with TPN plus somatostatin. Pederzoli et al “ have 
observed similar results using TPN plus somatostatin in 
the conservative treatment of eight external pancreatic 
fistulas, and Nubiola-Calonge et al’ have reported that a 
somatostatin analogue accelerates the spontaneous clo- 
sure of postoperative small-bowel fistulas. 

Although the meaningful factors are the closure rate 
and the number of days to complete closure, we also con- 
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sidered the number of days required to achieve a 50% and 
75% decrease in the fistula output. Metabolic disorders 
and physical discomfort caused by corrosive small-bowel 
or pancreatic fluids are related to fistula output.?° 

We also have observed that the addition of somatosta- 
tin to TPN diminishes significantly the morbidity inherent 
to long-lasting conventional treatment. This could allow 
shorter hospitalization and economic savings as Pederzoli 
et al? have reported. 

In summary, the results of this trial show that soma- 
tostatin is a useful therapeutic complement in the man- 
agement of selected patients with postoperative gas- 
trointestinal fistulas. Somatostatin accelerates the 
spontaneous closure of fistulas, thereby reducing the pe- 
riod of TPN and its inherent morbidity. 
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Although considerable experience has been accumulated uncontolled reports in which somatostatin has been used to 
















on the use of somatostatin and its analogues for treatment of treat gestrointestinal fistulas. 

pancreatic and intestinal fistulas, this Study represents the Although the fistula closure time in this study averaged al- 
largest prospective, randomized trial of the use of somatosta- most 12 days, rather than the 7.2-day average in the assem- 
tin to close gastrointestinal fistulas. In this study, the addition bled series, somatostatin did unequivocally speed the closure 
of somatostatin to conventional therapy with total parenteral of gastrointestinal fistulas that did not require surgery. 
nutrition did not increase the likelihood that a fistula would Somatcstatin is therefore an effective adjunct to total paren- 
close but did accelerate the rate of its closure and decrease the teral nutrition and has the potential to shorten hospitalization 
incidence of morbidity from it. Given the selection and and thus decrease costs and morbidity. However, patients 
exclusion criteria of this study, its findings are not at all sur- who are appropriate candidates for treatment with soma- 
Prising and serve to underscore the most appropriate role of tostatin must be carefully selected, as somatostatin cannot be 
somatostatin in such patients, to speed the closure of a fistula expected to overcome condi 


that is likely to close without surgery. 










ere excluded if they had uncon- on a fucile and time-consuming course of action. Although 
trolled sepsis, distal obstruction, severe diabetes, or cancer at appropriate use of somatostatin will hasten closure of fistu- 
the fistula site. las, sound clinical judgment must be employed in selecting 








In this study, 33 (83%)of 40 fistulas closed spontaneously, appropmate therapy for each fistula. 
including 17 (85%) of 20 in the somatostatin treatment group. KAREN E. DEVENEY, MD 
The authors do not tell us why seven of the fistulas failed to Po-tland, Ore 







close; therefore, we are left to speculate that these patients 

had some anatomic or mechanical factor that doomed soma- 

tostatin to failure. We also do not know how long somatosta- Reference 

tin therapy was used before surgical therapy was employed 

or what the indications for surgical therapy were. In a com- 1. Nubola P, Badia JM, Martinez-Rodenas F, Gil MJ, 
pilation of results from 10 studies in which somatostatin was Segura M, Sancho J, Sitges-Serra A. Treatment of 27 postop- 
used, the fistula closure rate averaged 78%.! The findings in erative erterocutaneous fistulas with the long half-life soma- 


this study are therefore comparable to those of numerous tostatin analogue SMS 201-995. Ann Surg. 1989;210:56-58. 
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“Being a patient advocate is what being a physician is all about. 


Dr. Kevin Fullin, Cardiologist, Kenosha, Wisconsin, Member, American Medical Association 


Why woulda cardiologist get involved in the issue 
of family violence? Perhaps, because what he saw 
simply cried out for action. 

“Fully a third of all women’s injuries coming into 
our emergency rooms are no accident,” says Dr. Fullin. 

While others were content to downplay the issue 
of family violence, Dr. Fullin would not. He petitioned 
state officials, and through his efforts the first Domestic 
Violence Advocate Program in his state was created. 

“Organized medicine must serve as an advocate 
for patients,” stressed Dr. Fullin. 

The American Medical Association (AMA) couldn't 


agree more. We're committed to focusing physician 
attention on the issue of family violence. 

You can get involved by joining Dr. Fullin in the AMA 
and in his work with the AMA-sponsored National 
Coalition of Physicians Against Family Violence. For 
more information, call us now at 1-800-AMA-3211 or 
return the attached postage-paid card today. 


American Medical Association 


Physicians dedicated to the health of America 
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Cytomegalovirus Colitis Presenting as Hematochezia 
and Requiring Resection 


Angel Escudero-Fabre, MD; Oscar Cummings, MD; James K. Kirklin, MD; 
Robert C. Bourge, MD; Joaquin S Aldrete, MD 


@ Cytomegalovirus infection is one of the most prevalent 
viral infections affecting recipients of cardiac allografts. Of 
the various severe systemic manifestations, those in the 
gastrointestinal tract have a unique way of presenting, spe- 
cifically in the colon where a process related to cytomeg- 
alovirus infection that involves all layers, with dilatation as 
a prominent clinical feature, has been suggested. We report 
herein a case of a patient with a heart allograft who had se- 
vere episodes of rejection that responded to boosting doses 
of steroids. Because of persistent fever, diarrhea, hema- 
tochezia, and computed tomographic findings of the abdo- 
men that showed a highly abnormal appearance of the 
ascending and transverse segments of the colon, this patient 
subsequently underwent celiotomy. The involved segment 
of the colon was found to have severe inflammation with 
mucosal necrosis; a subtotal colectomy was done. The 
abundant cytomegalovirus inclusions found in the vascular 
endothelium of the removed damaged segment of the colon 
suggest that cytomegalovirus may have been a causal fac- 
tor in this form of colitis. The patient recovered unevent- 
fully. 
(Arch Surg. 1992;127:102-104) 


i sedan (CMV) infection is perhaps the most 
prevalent viral infection affecting recipients of car- 
diac allografts. High IgG anti-CMV titers have often been 
observed in recipients of heart transplants who subse- 
quently developed serious, and even lethal, superim- 
posed infections.” 

There are several reports** of patients with colonic 
lesions attributed to CMV infection; the process de- 
scribed involves all layers, with dilatation as a promi- 
nent feature in the clinical observations and radiologic 
studies. Ulcerative hemorrhagic mucositis has been the 
most common finding at colonoscopy. We report a case 
of an immunosuppressed patient who had undergone 
heart transplantation and who presented with severe 
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CMV colitis with hematochezia that required multiple 
blood transfusions. The patient recovered promptly af- 
ter subtotal colectomy. 





Fig 1.— Camputed tomographic scan shows marked thickening of 
the transverse segment of the colon with an abnormal configura- 
tion. 





Fig 2.— The thickening process of the colonic wall extends to the 
right segment of the colon; fluid in the dorsal pericolic space can 
also be seen. 
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Fig 3.—Left, Full-thickness section of the colon showing pa 








> y 
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rtial mucosal necrosis, edema, and he 





morrhage of the submucosa. The mus- 


cularis propria is normal (hematoxylin-eosin, original magnification x 40). Right, The necrosis of the mucosa is associated with cytomeg- 
alovirus vasculitis (arrowhead) and capillary microthrombi (arrow). Note the classic nuclear and cytoplasmatic cytomegalovirus inclusions 
(inset) involving the vascular endothelium (hematoxylin-eosin, original magnification x 250; inset, original magnification X 400). 


REPORT OF A CASE 


A 54-year-old man with end-stage myocardial ischemic disease 
underwent orthotopic cardiac transplantation in August 1989. 
His immunosuppressive therepy consisted of cyclosporine A, 
azathioprine sodium, and prednisone. Within 30 days after the 
transplantation, he had three separate episodes of rejection that 
were successfully treated with bolus doses of corticosteroids. 

Five weeks after transplantation, when the patient's daily 
immunosuppressive therapy included 100 mg of cyclosporine 
A twice per day, 100 mg of azathioprine sodium, and 15 mg 
of prednisone, he developed diarrhea, fever (39.5°C), and 
persistent hematochezia. At colonoscopy, extensive inflamma- 
tory changes in the mucosa of the right and transverse seg- 
ments of the color were noted. The colonoscopist believed 
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that the patient had nonspecific acute colitis. Because the 
patient had undergone an aortobifemoral bypass for occlusive 
atherosclerotic disease of the distal aorta, the possibility of an 
aortoduodenal fistula as the source of hematochezia had to be 
considered. Therefore, an arteriogram and computed tomo- 
graphic (CT) scan were obtained. 

The arteriogram showed hypervascularity of the right and 
transverse segments of the colon These findings were inter- 
preted as consistent with nonspecific colitis. The CT scan 
showed marked thickening of the colon that extended from the 
cecum to the splenic flexure; there was also an ill-defined 
increased density surrounding the involved segment of colon 
and the nearby omentum and mesentery. A low-density fluid 
was also noted in the perirenal space dorsal to the right segment 
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of the colon. The tadiologists considered diagnoses of 
pseudomembranous colitis and ischemic colitis (Figs 1 and 2), 

Because the patient continued to bleed and because of the high 
tisk of colonic perforation, a celiotomy was performed. Five 
hundred milliliters of clear free fluid were found in the perito- 
neal cavity; the ascending, transverse, and descending segments 
of the colon were involved in a diffuse inflammatory process. 
There were no abnormalities in the area of the aortic graft, and 
the mesenteric pulsations were normal. The involved area of the 
colon was removed and the intestinal continuity was reestab- 
lished by anastomosing the terminal ileum to the midsigmoid 
colon. 

Histologic examination of the surgical specimen showed mu- 
cosal ulcerations with extensive hemorrhage and necrosis of the 
mucosa and submucosa. The underlying muscle layers were vi- 
able. There were numerous cytomegalovirus inclusions in this 
area, present almost exclusively within endothelial cells (Fig 3). 
Most of the small- to medium-sized venules that contained these 
inclusions showed evidence of recently formed thrombi, sug- 
gesting that the extensive necrosis of the intestinal mucosa was 
secondary to ischemia related to venous thrombosis. Cytomeg- 
alovirus inclusions were also present in endothelial cells from 
both the proximal and distal margins of excision, but there were 
no associated thrombi or necroses at these sites. After surgery, 
the patient received dihydropropoximethyl-guanine (360 kg/d). 
His recovery was uneventful, and intestinal function was re- 
established on the sixth postoperative day. 


COMMENT 


Cytomegalovirus-associated infections are frequently 
observed in immunosuppressed patients, particularly in 
recipients of allografts!*; their high mortality rate (30%) 
has been documented.*’ Although the exact mechanism 
of pathogenicity of these viruses in the different compli- 
cations associated with its presence is not completely 
clear, its mere presence suggests that somehow CMV 
plays a pathogenic role, particularly when complications 
affect the gastrointestinal tract. 

Several groups!*58 have observed the presence of CMV 
in morbid states of the colon in immunosuppressed 
patients who received kidney allografts. Cytomegalovirus 
infections in recipients of heart transplants are not trivial; 
they seem to be associated with more frequent episodes 
of allograft rejection and appear to frequently produce 
pathologic conditions in the gastrointestinal tract. It has 
even been postulated that the atherosclerotic process of 
the heart allograft is accelerated. For all these reasons, the 
presence of diffuse CMV infection in recipients of heart 
transplants can be interpreted as an incremental risk fac- 
tor for death. The presence and morbidity of CMV found 
in the colon of patients with cardiac allografts has been 
previously suspected, but not fully documented.” 

The case reported herein shows some peculiarities that 
can be attributed to the CMV infection that developed into 
a rare but nearly fatal complication: necrosis of the colon. 
The first peculiarity was the three early and short-lasting 
episodes of rejection in the first 30 days after transplan- 
tation that required boosting doses of steroids. Forty-five 
days after transplantation, the patient developed hema- 
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tochezia that appeared to be produced by necrotizing 
muccsitis of the colon, apparently caused by the CMV in- 
fection. The severity of the colonic lesions required urgent 
operetion to remove the damaged segment of colon. The 
histologic examination of the surgical specimen showed 
that tae CMV inclusions had a predilection for locating in 
the endothelium of small blood vessels and capillaries of 
the mucosa and submucosa (Fig 3), which led to extensive 
irreversible mucosal necrosis requiring resection of the 
damazed colon. It remains unclear whether CMV pro- 
duces a form of vasculitis or is a simple phenomenon of 
invasion of the vascular endothelium that leads to throm- 
bosis and necrosis. 

The changes in the colon observed in the CT scan (Figs 
1 anc 2) were strongly suggestive of the severe and 
extenstve damage to this organ and were a determinate 
factor in deciding to proceed with celiotomy. Removal of 
the se=ment of colon with mucosal necrosis resulted in 
promp: and uneventful recovery. Although difficult to 
prove the postoperative treatment with dihydro- 
proposximethyl-guanine was another possibly important 
factor in the recovery of this patient. 

Our experience with this rare case suggests that ag- 
gressiv2 diagnostic investigation is essential in patients 
with crdiac allografts who present with colonic lesions 
that n=y be associated with CMV infection. The peculiar 
CT imege observed in this case should be considered a 
sign for this complication. Prompt surgical intervention to 
remove the segment of involved colon is indicated since 
it allows full recovery. 
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Clinical Observation 


Pheochromocytoma Producing Multiple 
Vasoactive Peptides 


Miguel F. Herrera, MD; Elaine Stone, MD; Mervyn Deitel, MD; Sylvia L. Asa, MD, PhD 


è Pheochromocytomas may produce several vasoactive 
peptides. We studied a 39-year-old man who presented with 
paroxysmal flushing and abdominal pain with normal blood 
pressure. Laboratory and radiologic studies established the 
diagnosis of right adrenal pheochromocytoma, and histo- 
logic and ultrastructural examination showed the tumor to 
be a typical pheochromocytoma. Tissue culture yielded 
large quantities of norepinephrine and epinephrine. How- 
ever, immunohistochemical studies, tissue assays, and in 
vitro cultures documented production of several peptides, 
including calcitonin gene-related peptide and vasoactive 
intestinal polypeptide in tumor cells. The patient has been 
asymptomatic after tumor resection. Production of multiple 
peptides by this tumor may account for the flushing and lack 
of hypertension, despite elevated catecholamine levels in 
this patient. 
(Arch Surg. 1992;127:105-108) 


ee are tumors derived from the chro- 
maffin neuroendocrine cells that form part of the 
amine precursor uptake and decarboxylation system. 
They have an incidence of 0.01% to 0.001% in the general 
population. Ninety percent of pheochromocytomas arise 
in the adrenal meculla, about 5% are bilateral, and about 
10% are extra-adrenal.! Hypertension, which may be se- 
vere, sustained, paroxysmal, or may alternate with hy- 
potension, is the most common manifestation of the tu- 
mor. Sweating, palpitations, pallor, flushing, chest or 
abdominal pain, nausea, tremor, diarrhea, and constipa- 
tion are also frequen: complaints. These symptoms and 
signs are a consequence of overproduction of catechola- 
mines and other vasoactive peptides. Although the usual 
substances secreted by adrenal tumors are norepineph- 
rine and epinephrine, other peptides may be present.* We 
report a pheochromocytoma producing catecholamines 
and multiple vasoactive peptides that gave rise to flush- 
ing and abdominal pain as the principal clinical symp- 
toms. 
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REPORT OF A CASE 


A 39-year-old man was admitted to St Joseph’s Health Centre, 
Toronto, Ontario, with a 1-year history of intermittent, crampy, 
abdominal pain, episodic flushing of the face and upper chest, 
diarrhea for 1 month followed by constipation, and occasional 
palpitations. The result of physical examination was normal, as 
was his blood pressure. 

Complete blood cell count and levels of electrolytes, including 
potassium, calcium, phosphorus, and magnesium, were nor- 
mal. An electrocardiogram was unremarkable. His hemoglobin 
level was 157 g/L. Plasma studies revealed a total blood volume 
of 5395 mL, with a calculated plasma volume of 3183 mL and red 
blood cell volume of 2214 mL, representing an elevated plasma 
volume. Plasma and urinary catecholamine levels were mark- 
edly elevated (Table 1). 

Plasma levels of several peptides were measured with radio- 
immunoassay. The calcitonin gene-related peptide (CGRP) level 
was significantly elevated at 1640 pg/mL (normal, <30 pg/mL), 
the pancreastatin level was 32 pg/mL (normal, <30 pg/mL), and 
the somatostatin level was 43 pg/mL (normal, 38+15 pg/mL). 
Vasoactive intestinal polypeptide (VIP) was undetectable. 

Barium roentgenographic studies of the intestine showed 
negative results. Abdominal ultrasonography and computed to- 
mography showed a 5-cm mass in the right adrenal (Fig 1). A to- 
tal body methyl-iodobenzylguanidine radioisotope scan showed 
uptake in only the right adrenal, with no uptake retroperito- 
neally in the abdomen, above the diaphragm, or in the bones 
(Fig 2). 

After a and 8 blockade with phenoxybenzamine and propra- 
nolol, the right adrenal gland was excised directly via an extra- 
pleural extraperitoneal lateral approach through the bed of the 
excised 11th rib. Intraoperatively, systolic blood pressure was 
stable at approximately 120 mm Hg, but when the adrenal vein 
was clipped, systolic blood pressure decreased to 85 mm Hg and 
was brought back to 120 mm Hg readily with administration of 
dopamine hydrochloride. Recovery was uneventful, with no re- 
currence of flushing or any of the other symptoms at the 
12-month follow-up. Levels of urinary vanillylmandelic acid and 
metanephrine remained normal. 

On gross examination, the adrenal contained a smooth en- 
capsulated tumor that measured 5.5 cm in diameter (Fig 3). Mi- 
croscopic examination showed the tumor to consist of cords and 
large solid nests of pheochromocytes separated by thin-walled 
blood-filled vascular channels. Immunohistochemical studies 
showed the presence of neuron-specific enolase and chromo- 
granin in the majority of tumor cells, characteristic of pheochro- 
mocytoma. A few scattered cells had positive reactions to stain- 
ing for neurofilament. Intense cytoplasmic positivity for VIP was 
found in a significant number of tumor cells (Fig 4). The results 
of other immunohistochemical studies are summarized in 
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Normal 


Test Level Range 









5-hydroxyindoleacetic acid, umol/d 43 <75 
Urine vanillylmandelic acid, wmol/d 126 9-45 





Urine metanephrines, umol/d 31 <4.5 





Metanephrine/creatinine ratio 1.9 <0.6 








Urine norepinephrine, nmol/d 2515 <600 
Norepinephrine/creatinine ratio 150.6 <70 
Urine epinephrine, nmol/d 3936 <60 
Epinephrine/creatinine ratio 235.7 <7 
Plasma norepinephrine, nmol/L 11.91 1.27-2.81 





Plasma epinephrine, pmol/L 11 000 110-520 














Fig 1.—Computed tomog 
right adrenal (arrow). 


raphic scan showing a 5-cm tumor of the 


Table 2. Electron microscopy showed the tumor cells to contain 
a large number of cytoplasmic secretory granules, with the typ- 
ical morphologic characteristics of norepinephrine and epineph- 
rine granules.’ 

Frozen tumor tissue was extracted for assay of peptide 
hormone content, and the results are shown in Table 3. The tu- 
mor contained abundant CGRP, pancreastatin, and VIP. 

Tumor cells were maintained in tissue culture at a concentra- 
tion of 3.5 10*/mL. The medium was examined for catechola- 
mine content with high-pressure liquid chromatography and for 
several peptides with radioimmunoassay. Large amounts of 
norepinephrine and epinephrine were released (approximately 
3500 nmol/L and 1000 nmol/L per 24 hours, respectively). In cul- 
ture medium, CGRP level was 740 pg/mL, somatostatin level was 
57 pg/mL, and VIP level was less than 30 pg/mL. 


COMMENT 


Pheochromocytomas have been reported to secrete 
substances other than norepinephrine and epinephrine, 
including calcitonin, somatostatin, neurotensin, sub- 
stance P, adrenocorticotropin, B-endorphin, lipotropin, 
methionine-enkephalin, and neuropeptide Y.° Rarely, 
pheochromocytomas have been reported to produce 
CGRP* and VIP.*°5* Calcitonin gene-related peptide is a 
37-amino acid peptide derived from the calcitonin gene as 
a result of alternative processing of calcitonin messenger 
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= Table 1.—Plasma and Urinary Catecholamine Levels 






















Fig 2.—Twenty-four-hour methyl-iodobenzylguanidine radioiso- 
tope scam showing focal increased uptake in right adrenal. Top, 
Right lateral view. Bottom, Posteroanterior view. White arrows rep- 
resent preochromocytoma, and black arrows, liver. 


RNA. Itis widely distributed in thyroid, as well as neural 
tissues of brain, gut, and perivascular tissue.’ Vasoactive 
intestinal peptide, containing 28 amino acids, was origi- 
nally isolated from porcine intestine and subsequently 
found to be present in the central and peripheral nervous 
system. ° 

Calcitonin gene-related peptide and VIP are both 
potent vasodilators and may produce flushing and hy- 
potension.””"! In our patient, CGRP levels in the blood 
were very elevated; however, VIP levels were within the 
normal -ange. The presence of peptide immunoreactivity 
in tumars is not always associated with clinical manifes- 
tations. This may be attributed to production but not re- 
lease of the substance, or to only periodic release of the 
peptide Of 10 patients with CGRP-positive pheochro- 
mocytomas previously described, blood levels were mea- 
sured ir only one and were within normal limits.‘ In one 
series, none of six pheochromocytomas with VIP immu- 
noreactrvity was associated with the watery diarrhea, hy- 
pokalemia, achlorhydria syndrome, but blood levels were 
not meesured to establish the secretion of VIP.3 
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shee. 
Fig 3.— Gross view of the specimen showing the triangular right ad- 


renal, with a tumor 5.5 cm in diameter arising from its inferior as- 
pect. 
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Fig 4.—/mmunostain for vasoactive intestinal peptide in pheochro- 
mocytoma; many tumor cells show intense positivity (original mag- 
nification X 400). 


The presence of peptide immunoreactivity may reflect 
differentiation. One study suggested that immunoreac- 
. tive VIP was confined exclusively to cells that exhibit 
neuronal differentiation,” as in compound adrenal med- 
ullary tumors consisting of mixtures of pheochromocy- 
toma with ganglioneuroma or ganglioneuroblastoma.” 
Subsequent studies of typical pheochromocytomas, how- 
ever, indicated that pheochromocytoma cells without ob- 
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Table 2.—Immunohistochemical Findings* 


No. of 
Cells With 
Positive Results Intensity 





Neuron-specific enolase (+ +44) (+429 


Chromogranin (+++) (FETS 


Vasoactive intestinal polypeptide (+ +) (+++ +) 


Serotonin (+) (+ a c. 
Calcitonin (++) 
Neurofilaments (tE) 
S100 proteint (+ +) 
Arteronol antibody (catecholamines) (+) 
Adrenocorticotropin 

B-endorphin 

a—-human chorionic gonadotropin 

Glial fibrillary acid protein 

Carcinoembryonic antigen 

Bombesin 


Corticotropin-releasing hormone 


Growth hormone-releasing hormone 


Somatostatin 


*Plus signs represent degree of positivity of staining; minus 
signs, no Staining. 
tin sustentacular cells. 


Table 3.—Tissue Assay Study Findings* 


Calcitonin <0.2 
Calcitonin gene-related peptide 9.4 
Gastrin 0.2 
Gastrin-releasing peptide <1.4 
Motilin <0.3 


Neurotensin 
Pancreastatin 
Pancreatic polypeptide 
Peptide YY 
Somatostatin 


Substance-P 


Vasoactive intestinal polypeptide 





Protein, mg 


*All values, except for protein, are expressed as nanograms per 
gram of wet weight. 


vious neuronal features may stain for VIP,’ as occurred in 
our patient. 

Production of vasoactive peptides by a pheochromocy- 
toma may affect the clinical presentation. Several cases 
have been documented of a pheochromocytoma that se- 
creted VIP and gave rise to the watery diarrhea, hypokale- 
mia, achlorhydria syndrome, but only a few of these pa- 
tients presented with hypertension.*® Sano et al? 
suggested that many of these cases may not be pheochro- 
mocytomas, as the patients did not have a history of hy- 
pertension and the urinary and plasma levels of cate- 
cholamines were not reported. However, like some other 
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authors,”* we found normotension and elevated urinary 
levels of catecholamines with a peptide-producing 
pheochromocytoma; we also found elevated plasma lev- 
els of norepinephrine and epinephrine. The absence of 
hypertension could be attributed to the vasodilator effects 
of CGRP or VIP, and these substances also may account 
for the increased total plasma volume in our patient. 

The accuracy of preoperative localization of pheochro- 
mocytomas with computed tomographic scans and 
methyl-iodobenzylguanidine radioisotope scans has re- 
moved the need for broad surgical exploration. The pos- 
terolateral flank approach used in our patient permits di- 
rect access to the adrenal, and is superior to the anterior 
transabdominal approach in terms of morbidity." We use 
this approach for removal of pheochromocytomas other 
than those occurring in the pediatric population, during 
Pregnancy, with multiple endocrine neoplasia, or with 
recurrent disease. 

Our case confirms that multiple vasoactive peptides 
may be localized in pheochromocytoma cells. Interesting 
characteristics were the presence of flushing, normoten- 
sion, and elevated plasma volume in association with 
high catecholamine levels. We suggest that CGRP and 
possibly VIP production by this tumor may account for 
the lack of typical symptoms of pheochromocytoma. 


We thank Parvesh K. Anand, MD, and Robert Stachula, MD, for 
assisting with the care of this patient; Nirmala Krishnan, MD, for 
histologic examinations; T. Arnold Bayley for nuclear medicine 
studies; the Department of Photography; Gloria Buckley, Depart- 
ment of Biochemistry, St Michael’s Hospital, for the high-pressure 
liquid chromatography studies of tissue culture medium; and Tho- 
mas M. O’Dorisio, MD, Department of Internal Medicine, Ohio State 
University, Columbus, for performing the peptide assays. 
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Clinical Observation 


Laparoscopic Evaluation of Tangential 
Abdominal Gunshot Wounds 


Jorge L. Sosa, MD; David Sims, MD; Larry Martin, MD; Robert Zeppa, MD 


eè The use of laparoscopy in abdominal trauma has been 
proposed for several decades; however, it has not been 
widely used. With the advent of laparoscopic cholecystec- 
tomy, general surgeons are realizing the potential of this 
technique. This should result in an expanded role for 
laparoscopy, including the evaluation of abdominal trauma. 
We present a series in which laparoscopy was used in the 
evaluation of tangential gunshot wounds to the abdomen. 
Laparoscopy enabled us to demonstrate whether the missile 
had violated the peritoneal cavity and to avoid laparotomy 
in cases without peritoneal penetration. 
(Arch Surg. 1992;127:109-11 0) 


P atients with anterior or flank gunshot wounds to the 

abdomen in which the path of the missile appeared 
to be tangential to the peritoneal cavity were chosen for 
laparoscopy. Patients in hemodynamically unstable con- 
dition or those with overt peritoneal signs were excluded. 
However, abdominal tenderness at the wound sites and 
missile path was not a contraindication to laparoscopy. 

Laparoscopy was performed in the operating room 
under full aseptic technique. General endotracheal anes- 
thesia was used in the majority of cases, with local anes- 
thesia used in selected cases. A supraumbilical skin inci- 
sion was chosen for a 10-mm camera port. Some patients 
underwent direct insufflation via a Verres needle with 
cannulation after adequate pneumoperitoneum was 
achieved; in others, an open Hasson technique and can- 
nula were used. The abdomen was inspected for blood or 
free fluid. Special attention was paid to the peritoneum at 
the wound sites to ensure no peritoneal violation. 

In patients with flank wounds, the colon was mobilized 
if necessary with the use of 5-mm ports introduced under 
direct vision. In this way, the retroperitoneum could be 
inspected as well as the posterior wall of the ascending or 
descending colon. Any peritoneal violation was an indi- 
cation for laparotomy. 
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REPORT OF CASES 


CASE 1.—A 21-year-old white woman was admitted with 
gunshot wounds to the abdomen and right thigh. An entrance 
was found in the right upper quadrant at about the midclavic- 
ular line, with the bullet palpable at the midaxillary line. The pa- 
tient was in hemodynamically stable condition and complained 
of pain at the wound site. No peritoneal signs were present. The 
path of the bullet appeared to be tangential to the peritoneal 
cavity. However, we could not be certain that the missile had not 
violated the peritoneum. Therefore, we chose to perform diag- 
nostic laparoscopy. It revealed an extraperitoneal hematoma 
from the bullet path. There was no intraperitoneal fluid or blood 
and no violation of the peritoneal cavity. The procedure was tol- 
erated well. The patient tolerated a regular diet 24 hours after the 
laparoscopy, but the leg wound required an extra day of hospi- 
talization. She was discharged 48 hours after the procedure. 
Outpatient follow-up showed her to be doing well. 

CASE 2.— A 17-year-old white boy sustained a gunshot wound 
to the left upper quadrant with an exit wound in the left flank 
at the posterior axillary line. He was in hemodynamically stable 
condition. Laparoscopy with mobilization of the descending co- 
lon revealed no peritoneal violation or colonic injury. The patient 
was discharged the next day with no dietary restrictions. 
Follow-up revealed no problems. 

CASE 3.—A 21-year-old black man sustained a gunshot wound 
to the abdomen. The entrance site was at the left midclavicular 
line 6 cm below the costal margin with the bullet palpable 2cm 
medial to the left posterior axillary line. The patient was in he- 
modynamically stable condition and the abdomen was soft but 
tender at the wound area. An intravenous pyelogram was 
obtained, the results of which were normal. 

The patient continued to complain of pain in the wound area. 
It was unclear if the bullet path had violated the peritoneum so 
laparoscopy was performed. Direct visualization of the entrance 
site revealed no peritoneal violation. The descending colon was 
mobilized, and no injury was identified. The retroperitoneum 
was directly inspected and a minimal hematoma was found lat- 
eral to the kidney. No further intervention was deemed neces- 
sary. The patient was discharged the next day with no dietary 
restrictions. Follow-up showed him to be doing well. 

CASE 4.—A 62-year-old morbidly obese white man sustained 
a shotgun injury to the right lower quadrant. He was in hemo- 
dynamically stable condition, complaining of pain at the wound 
site. Lateral abdominal roentgenography showed that the shot- 
gun pellets appeared to be embedded in the anterior abdominal 
wall. Since we could not be sure that some pellets had not vio- 
lated the peritoneal cavity, we opted for laparoscopy. This 
revealed free blood in the right paracolic gutter and two defects 
in the peritoneum. Laparotomy revealed an enterotomy, which 
was primarily repaired. A free pellet in the peritoneal cavity and 
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one embedded in a sigmoid epiploic appendage were found. The 
patient did well and was discharged 1 week later. 

CASE 5.—A 25-year-old black man sustained a gunshot wound 
to the abdomen. He was in hemodynamically stable condition 
with minimal wound discomfort. Examination revealed an 
entrance site in the midepigastrium, with the bullet palpable 
above the left iliac crest at the midaxillary line. Laparoscopy with 
mobilization of the sigmoid colon revealed no peritoneal viola- 
tion or colonic injury. The patient was discharged the next day 
with no dietary restrictions. At follow-up 1 week later he was 
doing well. 

CASE 6.—A 25-year-old white man sustained a gunshot 
wound to the right upper quadrant. The entrance wound was at 
the midclavicular line just above the costal margin; the exit was 
at the posterior axillary line below the costal margins. The patient 
was in hemodynamically stable condition and denied having 
abdominal pain. The abdomen was soft. Diagnostic laparoscopy 
revealed an entrance wound into the peritoneum with a non- 
bleeding through-and-through wound in the liver and a small 
pool of blood in the right paracolic gutter. Exploratory laparot- 
omy demonstrated no other injuries. The patient was discharged 
4 days later. 


RESULTS 


We have performed diagnostic laparoscopy in eight 
patients for tangential gunshot wounds to the abdomen. 
Missiles violated the peritoneum in two patients, one of 
whom had a small-bowel injury and the other a liver lac- 
eration. In the six patients with negative laparoscopy 
findings, there were no missed injuries and no morbidity 
associated with the laparoscopy. The procedure was well 
tolerated when local anesthesia and sedation were used. 


COMMENT 


Since its inception in 1901 by Kelling and its subsequent 
clinical introduction in 1910 by Kelling and Jacobaeus, 
laparoscopy has not been widely practiced by general 
surgeons. This has been true despite excellent reports on 
its efficacy and safety by surgeons such as Ruddock.! With 
the advent of laparoscopic cholecystectomy and the wide 
interest this has generated, general surgeons are becom- 
ing increasingly familiar with laparoscopy. This should 
result in a wider application of the procedure in general 
surgery. The use of laparoscopy in the evaluation of ab- 
dominal trauma has been advocated by several authors?’; 
however, it has failed to gain widespread acceptance. In 
cases of penetrating abdominal trauma specifically, lap- 
aroscopy has been shown to be effective in evaluating stab 
wounds,*°° but it has not been recommended for gunshot 
wounds,°*° and some authors have considered gunshot 
wounds a relative contraindication.° 

We use laparoscopy as an adjunct in the evaluation of 
patients with gunshot wounds to the abdomen in an ef- 
fort to decrease the rate of negative laparotomies and their 
accompanying morbidity. 

Negative laparotomies are associated with a morbidity 
as high as 20%. They also require a prolonged hospital 
stay and put the patient at long-term risk for small-bowel 
obstruction. 

In cases of tangential gunshot wounds to the abdomen, 
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it is often difficult to assess if the missile violated the peri- 
toneal cavity. Patients often complain of pain related to 
soft-tissue wounding, thus making the evaluation of 
peritonzal signs difficult. This leads to exploration, the 
results of which are also often negative. Observation of 
these patients can be problematic, requiring multiple ex- 
aminations at regular intervals, which can be difficult in 
a busy trauma center. Late diagnosis of significant ab- 
dominel injury can lead to increased morbidity and mor- 
tality. Diagnostic laparoscopy can be very useful in these 
patients. 

As experience is gained with this procedure we may 
also be able to eliminate nontherapeutic laparotomies, 
such ae in case 6 in which a nonbleeding liver laceration 
was the only injury. This has certainly been possible in 
blunt abdominal trauma.?5 Technically, this procedure is 
ideally suited for anterior abdominal injuries. Flank 
wounds can be satisfactorily evaluated, and with mobili- 
zation the retroperitoneal surface of the colon can be 
carefully inspected. More posterior injuries and retroperi- 
toneal structures are not easily examined. We used intra- 
venous pyelography in patients with flank injuries to as- 
sist in the evaluation of possible renal or ureteral injury. 

Although general anesthesia was used in most of our 
patients, laparoscopy can certainly be done with local an- 
esthesia, thus decreasing the morbidity. Some of our pa- 
tients nequired mobilization of the colon, which would not 
likely b2 tolerable without a general anesthetic. The anes- 
thetic technique should be tailored to the case. 

Whil we did not analyze cost, there is no doubt that 
diagnostic laparoscopy would be significantly less expen- 
sive in patients not needing laparotomy and should not 
add greatly to the expense in those patients requiring 
subsequent exploration. 

Diagnostic laparoscopy in the evaluation of tangential 
gunshct wounds to the abdomen is an effective tech- 
nique. t should result in the elimination of negative lap- 
arotomes and lead to a decrease in morbidity and signif- 
icant cost savings. 
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Surgical History 


History and Current Status of Trauma Scoring Systems 


David H. Wisner, MD 


T he concept of scoring systems for trauma is relatively 

new. Triage systems were first developed in the late 
1960s and early 1970s. Increased organization of trauma 
systems since that time has emphasized the importance of 
getting the right patient to the right hospital at the right 
time and has resulted in continued interest in triage sys- 
tems. Increased organization has also spurred interest in 
sophisticated scoring systems for quantifying expected 
outcomes, assessing results of trauma care, and compar- 
ing large groups of patients. Ubiquitous use of acronyms 
for the different systems and the sometimes complex sta- 
tistics on which they are based can make trauma scoring 
systems seem dauntingly complex. 

There are many potential uses of trauma scoring 
systems.' Field triage of patients to appropriate levels of 
care has already been mentioned. Quantifiable systems 
can also be used for quality assurance. Large groups of 
patients can be screened for unexpected outcomes, and 
this initial review can be used as the basis for more 
detailed scrutiny of the care delivered and a retrospective 
analysis of problems with the delivery of care on either an 
individual or a systems basis. On one hand, the use of 
scoring systems in this way has taken some of the 
“hit-or-miss” guesswork out of quality assurance activi- 
ties. On the other hand, it is important to emphasize that 
there is no such thing as a perfect system with 100% re- 
liability. As a consequence, scoring systems used for 
quality assurance should be thought of only as initial 
screens of large numbers of patients to select a smaller 
subgroup for further review. The fact that a case is 
selected for review should not be construed as an auto- 
matic indictment of the quality of care delivered in that 
case. 

Scoring systems have also proved valuable in the 
development and perfection of trauma care delivery sys- 
tems. They help categorize patients and identify systems 
problems. Reliable comparisons of large groups of pa- 
tients are not possible without a systematic method of 
quantifying injury. The development of such methods 
has allowed for comparisons between groups from dif- 
ferent institutions, between groups in different environ- 
ments within an institution, and between patients un- 
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dergoing different forms of therapy. A common system 
for quantifying injury makes it possible for clinicians and 
clinical investigators to speak the same language when 
comparing different types of management or therapy. 

Scoring systems are also potentially applicable to the 
realm of reimbursement. While existing scoring systems 
have not yet been extensively used in this way, their 
eventual use as external monitors of health care resource 
utilization seems likely. The International Classification of 
Diseases? has already been applied in this way in the de- 
termination of levels of reimbursement. One identifiable 
problem with reimbursement decisions based on the In- 
ternational Classification of Diseases and diagnosis re- 
lated groups is that, while they may apply evenly and ra- 
tionally to common and simple illnesses, there is a 
recognized tendency to underreimburse for trauma and 
critical illness. Reimbursement decision making based in- 
stead on specialized scoring systems designed to quantify 
trauma and critical illness seems to make sense. While in- 
creasing regulation of health care delivery is not neces- 
sarily welcome, it appears to be inevitable. Regulation 
based on injury quantification tools is the most rational 
and equitable way to proceed with this regulation. 

While scoring systems for trauma are powerful and 
useful tools for the analysis and evaluation of groups of 
patients, their usefulness is somewhat limited when ap- 
plied to individual patients. This aspect of statistically 
derived methods, which rely on large numbers of patients 
for validity and which are marginally applicable to indi- 
vidual patients, has already been touched on in the dis- 
cussion of quality assurance applications of scoring sys- 
tems. Although scoring systems can derive probabilities 
of survival in individual patients, care is necessary in ap- 
plying these measures to the clinical decision-making 
process in an individual patient. None of the systems is 
a perfect predictor of outcome, and common sense 
should not be replaced by blind obeisance to numbers. 
Nevertheless, scoring systems can occasionally be use- 
ful in decision making in individual patients. They can 
help justify the transfer of a given patient to a referral 
institution. Similarly, an objective determination that a 
patient is extremely ill and is likely to have a poor 
outcome can trigger more aggressive or innovative 
therapeutic approaches. For instance, a trauma score 
that predicts the likelihood of death might be used as a 
criterion for entry into a research protocol testing a 
new drug or therapy. 

Trauma scoring systems can be loosely categorized as 
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either triage systems or prognostic/comparative scoring 
systems. There is some degree of overlap between these 


groups. 
TRAUMA TRIAGE SYSTEMS 


The Glasgow Coma Scale (GCS) was one of the first tri- 
age systems devised. Created by Teasdale and Jennett in 
1974,° the GCS was developed as a means of quantifying 
the degree of head injury (Table 1). There are only three 
data elements in the score, and it has undergone only one 
minor change in the years since it was first reported: the 
best motor response portion of the scale was increased 
from five to six different categories, increasing the total 
number of possible points from 14 to 15. The score 
decreases with increasing neurologic dysfunction. The 
GCS has been incorporated into many later trauma triage 
systems, underscoring the importance of head injury as 
a triage and prognostic indicator. 

In 1971, Kirkpatrick and Youmans? developed the Tri- 
age Index as a means of predicting the need for hospital- 
ization after injury. The Triage Index combined simple 
and easily obtained information about both the anatomic 
nature of a patient’s injuries and the physiologic state of 
the patient. A similar system, the Illness-Injury Severity 
Index, was developed by Bever and Veenker’® in 1979 for 
use in field triage of trauma victims. Although these sys- 
tems were laudable early attempts at quantifying injury, 
the need for trauma triage scales was not yet widely ap- 
preciated, and neither system was extensively adopted. 

With the development by Champion et al’ of the Triage 
Score in 1980, increased appreciation for the significance 
and value of triage systems developed. Several lines of 
reasoning used by the originators of the Triage Score have 
also been used in the development of subsequent triage 
scoring systems. They reasoned that most early deaths 
after trauma relate to dysfunction of the central nervous 
system, the cardiovascular system, or the respiratory 
system. Accordingly, a number of possible measures of 
the functional status of these three organ systems were 
subjected to statistical analysis in a large cohort of patients 
with trauma to select the most important independent 
predictors of outcome. Five variables resulted from this 
analysis: respiratory expansion, capillary refill, and the 
three elements of the GCS: eye opening, verbal response, 
and motor response (Table 1). Point totals were assigned 
to each of these variables in such a way that a score of 0 
was normal, while high scores signified severe physio- 
logic derangement. The point total thus derived, in com- 
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binaticn with a number of mechanism of injury criteria 
and amatomic injury triage criteria, was suggested in a 
triage algorithm for use in the field. A more sophisticated 
Statistical treatment of the variables of the Triage Score 
was used to develop the Triage Index, a more complicated 
system ^ot suitable for field triage but useful in quantify- 
ing the degree of physiologic derangement and allowing 
for prognostic judgments. This approach, the develop- 
ment of a field triage system from which a prognostic/ 
compazative system is derived, has been used repeatedly 
in trauma scoring system development. The Triage Index, 
an early prognostic/comparative system, will be discussed 
in detail later. 

The developers of the Triage Score created the Trauma 
Score in 1981 by adding respiratory rate and systolic blood 
pressure to the components of the Trauma Score? (Table 
1). Point assignments were made for these new elements, 
and the point totals for the older elements were modified 
so that the highest possible point total was 16, the same 
value cerived for the Triage Score. The point scale was 
inverted relative to that of the Triage Score, however, so 
that the Trauma Score decreased with increasing physio- 
logic desangement. As with the Triage Score, a more so- 
phisticated statistical analysis was done of the field of tri- 
age elements of the Trauma Score to improve its 
usefulness as a prognostic indicator. 

The Trauma Score gained wide acceptance for field tri- 
age. As experience with the score accumulated, it became 
apparen- that gauging the degree of respiratory expan- 
sion and capillary refill could be difficult and inexact in the 
field. Tæse two elements were therefore dropped from 
the Trauma Score. The Revised Trauma Score (RTS) was 
the resu? (Table 1). As with both the Triage Score and the 
original Trauma Score, the RTS was subjected to further 
Statistica: analysis to convert it to a prognostic system. To 
avoid cenfusion, the RTS used in the field was termed the 
Triage-RTS (T-RTS) and the more definitive, prognostic/ 
comparative score kept the name RTS. It is interesting to 
note that of the original elements of the Triage Score, only 
the components of the GCS have survived the several 
subsequent revisions. This emphasizes the importance of 
central mervous system injury in determining outcome. 
Also of mterest is that none of the statistical treatments of 
various feld measures of physiologic derangement have 
shown the pulse rate to be an important triage or 
prognostic indicator. This runs contrary to the widely 
held noon that pulse rate correlates with the degree of 
shock. The RTS is currently the most widely used field 
triage system. Its elements are easily measured in the field 
and are readily available, but the RTS is somewhat cum- 
bersome in that the measured variables require conver- 
sion to an RTS point scale for quantification. 

An alternative triage scoring system that benefits from 
simplicity in both determination of field data and the need 
for a miaimum of calculation is the Circulation, Respira- 
tion, A-comen, Motor, and Speech system. The com- 
ponents of the Circulation, Respiration, Abdomen, Mo- 
tor, and 5peech score are simple to measure but are to 
some extent subjective. The maximum number of points 
possible m each category is 2, the maximum number of 
total pomts possible is therefore 10, and the point total 
decreases with increasing physiologic derangement. This 
system has the virtue of extreme simplicity. It has not 
been subected, however, to the same rigorous correla- 
tions with outcome that have been done for the RTS and 
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does not lend itself as readily to determinations of prob- 
ability of survival.” 

The American College of Surgeons Committee on 
Trauma has taken the RTS, the individual elements of the 
RTS, a number of specific injury criteria, and a number of 
mechanism of injury criteria and combined them to cre- 
ate a series of algorithms for use in field triage to a trauma 
center” (Fig 1). Whereas the RTS and its individual 
elements have beer subjected to statistical validation, the 
individual injury characteristics and the mechanism of 
injury criteria have been less rigorously studied. As with 
most triage algorithms, the system is designed to avoid 
undertriage. The price for this is overtriage. In other 
words, the triage algorithms are created to make sure that 
all patients requiring trauma center care are triaged 
appropriately, even if this results in sending a number of 
patients to a trauma center who ultimately prove not to 
have serious injury. The American College of Surgeons 
Committee on Trauma algorithms are relatively new and 
will undoubtedly undergo revision as more experience 
with them is obtained. 

Field triage scoring systems specifically designed for 
pediatric patients have also been described.'** The ratio- 
nale for the development of such systems is that measures 
of physiologic derangement are different in children, and 
applying adult physiclogic measures to pediatric patients 
results in considerable inaccuracy. Despite the apparent 
validity of these arguments, a number of reviews have 
demonstrated that systems derived for adults, particu- 
larly the RTS, wor well in the decision-making process 
for triage of pediatric trauma victims.!°!° For this reason, 
and also perhaps because of the difficulty of field training 
personnel in a separate set of field triage criteria for use 
in a small percentage of trauma victims, pediatric triage 
systems have not been widely adopted, and children have 
been triaged for the most part by adult systems. A num- 
ber of trauma care delivery systems, however, lower con- 
siderably the threshold for trauma center triage in young 
children in recognition of the special difficulties in diag- 
nosis of serious injury in children and the specialized 
needs of children on hospitalization. 


DEFINITIVE/COMPARATIVE TRAUMA SCORING SYSTEMS 


Several different approaches have been taken to 
definitive/comparative trauma scoring systems. One basic 
approach is to list the different anatomic injuries a patient 
has suffered and assign a point total to them. This 
anatomic approach is exemplified by the Injury Severity 
Score (ISS).!” A second approach is to use measures of 
physiologic derangement to predict survival. This ap- 
proach has already been alluded to in the above section 
on field triage methods. The RTS is the best known of 
these systems.’ The final approach is to overcome the 
shortcomings of strictly anatomic or physiologic scoring 
systems by combining them in some way. A combination 
of the ISS and the RTS, known as TRISS, is the most 
widely used of these combinations." 

The Abbreviated Injury Scale (AIS) is the basis for the 
most commonly used anatomic measures of injury 
severity?! The AIS was devised by having a panel of 
trauma experts go through a long list of injuries and as- 
sign them point values by consensus in an attempt to 
quantitate relative severity. The first version of the AIS 
was developed in the early 1970s, and the scale has un- 
dergone several revisions since then, most recently in 
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Step 1 Respiratory Rate <10 or >29 or 
Revised Trauma Score <11 
Pediatric Trauma Score <9 
Yes 
Take to Trauma Center Assess Anatomy of Injury 
E All Penetrating Injuries to Head, Neck, Torso, and 
Extremities Proximal to Elbow and Knee 
E Flail Chest 
E Combination Trauma With Burns of 10% or Inhalation 
Step 2 Injuries 
E >2 Proximal Long-Bone Fractures 
@ Pelvic Fractures 
E Limb Paralysis 
E Amputation Proximal to Wrist and Ankle 
Yes 
Take to Trauma Center Evaluate for Evidence of 
Mechanism of Injury and 
High-Energy Impact 
E Ejection From Automobile 
E Death in Same Passenger Compartment 
@ Extrication >20 min 
E Falls >20 feet 
E Rollover 
m High-Speed Auto Crash Initial Speed >40 mph 
Velocity Change >20 mph 
Step 3 Major Automobile Deformity 
>20 in 
Intrusion Into Passenger 
Compartment >12 in 
E Automobile-Pedestrian Injury With Significant 
(>5 mph) Impact 
E Pedestrian Thrown or Run Over 
E Motorcycle Crash >20 mph or With Separation of 
Rider and Motorcycle 
Yes 
Take to Trauma Center 
E Age <5 or >55 y 
E Known Cardiac Disease; Respiratory Disease; 
Step 4 or Psychotics Taking Medicaton 


E Diabetics Taking Insulin; Cirrhosis; Malignant 
Neoplasm; Obesity or Coagulopathy 


Yes 


Reevaluation With 
Medical Control 


When in Doubt, Take to a Trauma Center 


Fig 1.—Algorithms for field triage created by the American College 
of Surgeons Committee on Trauma. 












Contact Medical 
Control and Consider 
Transport to 
Trauma Center 


1990. The most clinically useful version of the rating scale 
ranges from 0 to 5; 0 indicates no injury; 1, minor injury; 
2, moderate injury; 3, severe, not life-threatening injury; 
4, severe, life-threatening injury, survival probable; and 
5, critical injury, survival uncertain (Table 2). These judg- 
ments were made as objectively as possible, but a certain 
amount of subjectivity is involved in this kind of scoring. 
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Minor abdominal wall laceration 






Minor renal contusion 






Splenic laceration, moderate 






Duodenal perforation 
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Massive liver laceration 


In addition to assigning points to different types of inju- 
ries, the body was divided into six anatomic regions for 
categorization of injury (external, head/neck, face, chest, 
abdominal or pelvic contents, and extremities/pelvic gir- 
dle). Although the AIS was designed as an anatomic Sys- 
tem, there has been a trend toward including more phys- 
iologic measures of injury severity in the AIS scoring 
scales as newer versions are created. This is particularly 
true in the area of central nervous system trauma, where 
such factors as loss of consciousness are now important 
determinants of the AIS grade. 

The AIS was devised primarily for blunt trauma and 
incorporates minimal physiologic information, despite 
the trend described above. Although the AIS correlates 
with the degree of injury and, to some extent, will predict 
outcome, it was found to be an imperfect prognostic/ 
comparative tool. For this reason, more complicated 
treatments of the elements contained in the AIS were de- 
vised. 

In 1974, Baker et al” combined specific elements of the 
AIS and derived the ISS, now the most widely used an- 
atomic injury scoring system. It was apparent that, 
although there seemed to be a relationship between out- 
come and the AIS, the relationship was not a linear one. 
Simply summing or averaging the point totals for the dif- 
ferent injuries a patient had suffered did not result in a 
very good prediction of mortality. The next simplest rela- 
tionship after a linear relationship is a quadratic one. Ac- 
cordingly, this relationship was tested for its outcome 
prediction ability. Within limits, the square of the most 
serious injury within a body region correlated with out- 
come. The correlation improved when the squares of the 
most serious injuries in the next two most seriously 
injured body regions were added to this initial square. 
The addition of further injuries or injury squares beyond 
the top three did not improve predictive value. Thus, the 
ISS was determined as the sum of the squares of the most 
serious injury for the three body regions with the highest 
AIS point value. The maximum point total possible was 
75 for a patient with life-threatening injuries in three dif- 
ferent body regions. A sample calculation of the ISS from 
a set of AIS values is seen in Table 3. 

The ISS was a major advance in quantifying degree of 
injury. It was objective and relatively easy to calculate if 
the rater had access to a catalog of AIS points. There were 
some disadvantages, however. The original ISS was cre- 
ated and tested against a data set containing only patients 
with blunt trauma. As has already been mentioned, the 
AIS was also derived originally for patients with blunt 
trauma and has only recently been revised to provide 
more accurate descriptions of penetrating injuries. In ad- 
dition, the ISS sometimes did not give enough weight to 
multiple serious injuries within the same body region. 
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.—Sample Injury Severity Score (ISS) Calculation” 


AIS AIS 
Body Region Point Assignment 










Injury 

















Cerebral contusion Head/neck 3 
Intracerebral hematoma Head/neck 4 
Minor ‘ongue laceration Face 1 
Le Fort | fracture Face 2 
Unilateral pulmonary 

contasion Chest 3 
Modesate splenic rupture 

with nemoperitoneum Abdomen 
Femoral neck fracture Extremities 
Closee tibial fracture Extremities 2 
5% total body surface 

aree 3rd-degree burn External 2 


*The sead/neck region contains an injury with an Abbreviated 
Injury Seale (AIS) score of 4 and is included in computation of the 
ISS. Theseerebral contusion, because its AIS score is not the high- 
est one ter that region, is ignored in the ISS calculation. Three re- 
gions (chest, abdomen, and extremities) contain AIS scores of 3. 
Any two of these three are also used to determine the ISS. All other 
body regions and injuries are ignored. The highest AIS scores for 
each of “he three highest regions are squared and added to calcu- 
late the ISS: ISS=4?+3?+3?=164+9+49=34. 


Massive liver, spleen, and bowel injuries in the same pa- 
tient, fer example, were scored the same as any of those 
injuries alone. There was also some subjectivity in using 
the AIS to score injuries, and in many patients the ISS 
could mot be readily calculated on admission or even af- 
ter several days of hospitalization because the full extent 
of injuti2s was not yet known. These problems at times 
resulted in interobserver variability and errors in ISS cal- 
culations. The fact that the ISS could not be calculated 
early after injury in most patients obviated its use as a tri- 
age tooi in the field or emergency department. 

An alternative anatomic scoring system to the ISS, the 
Revised Estimated Survival Probability Index, was intro- 
duced ir 1982 by Levy et al.” It was based on the suppo- 
sition that the overall probability of survival could be pre- 
dicted as a multiplicative function of individual inj 
probabil ties of survival. Individual likelihood of death for 
many diferent traumatic injuries was derived froma large 
number of patients and tested against a test cohort. While 
the Rewsed Estimated Survival Probability Index was a 
reasoneébly good predictor of survival, it did not compare 
favorabry with the ISS and asa consequence has not been 
widely used.” 

Phys-ologic as well as anatomic scoring systems can be 
used to predict outcome in patients with trauma. In some 
cases, the triage systems already described have been 
used, with some statistical modifications, as prognostic/ 
comparative systems. 

The Triage Score, the initial scoring system that gained 
wide acceptance in field triage of patients with trauma, 
was tested by logistic regression against a large popula- 
tion of patients with trauma to develop a way to predict 
probabiities of survival.” The variables contained in the 
Triage Score (respiratory expansion, capillary refill, eye 
Opening verbal response, and motor response) were 
analyzec with the use of a logistic model of the follow- 
ing form: Ps=1/(1+e-4), where A=the Triage 
Index =6)+B,X,+B.X,+B3X3+B,X,+B-Bs. The B values 
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were constants, the Xs stood for the different elements of 
the Triage Score, and Ps was the probability of survival. 
This statistical treatment, which created the Triage Index 
from the Triage Score, allowed prediction of probability of 
survival for the first time, as well as group screening of 
patients so that cases worthy of further review could be 
selected. 

Modifications of the elements of the Triage Score 
resulting in the Trauma Score and the RTS required recal- 
culation of the constants used in determining probabilities 
of survival. The RTS elements are currently the most 
commonly used, and the fermula for the probability of 
survival equation again took the following form:’ Ps=1/ 
(1+e~4). In this form of the survival probability equation, 
A=RTS=W,+W;GCS+W,SBP.+W3RR.. Wo, Wi, Wz 
and W; were constants derived by logistic regression 
analysis of a large number of patients, and GCS, SBP. 
and RR. were the coded values of the GCS, systolic blood 
pressure, and respiratory rate, respectively. Analogous to 
the Trauma Index, the prognostic form of the RTS, as op- 
posed to the triage form of the RTS (T-RTS), was the value 
derived for A by the above equation. Because of the sta- 
tistical treatment, the values of the RTS took on values 
between 0 and 7.8408 rather than the 0 to 12 range for the 
T-RTS. 

Both anatomic and physiologic scoring systems are 
used to determine prognosis and probabilities for sur- 
vival. There are limitations to using either of these types 
of systems in isolation, however. Emphasis on anatomy 
does not take into account the physiologic state of the pa- 
tient. A patient with an ISS of 25, for instance, might have 
quite different mortality expectations if he or she is 
injured just outside the emergency department of a ma- 
jor trauma center as opposed to suffering identical inju- 
ries a number of hours away in a remote region where the 
patient is not found for some time after the accident, ex- 
trication from a mctor vehicle is prolonged, and provision 
of prehospital care is difficult. By the same token, too 
much emphasis on physiologic condition can be mislead- 
ing. Patients with serious truncal and orthopedic injuries 
can have nearly normal prehospital physiologic findings, 
especially if they have received excellent and expeditious 
prehospital care. Existing anatomic and physiologic sys- 
tems also do not take patient age into account. 

To overcome these deficiencies in purely anatomic or 
physiologic systems, a system combining the RTS and the 
ISS was created under the acronym TRISS." Logistic re- 
gression methods were used to derive a regression equa- 
tion similar to that used with the RTS: Ps =/(1+e~). Inthe 
TRISS equation, b= bo+b;,(RTS)+b,(ISS)+b3 (Age); the bs 
were regression coefficients, and age was dichotomized 
into 0 for age less than 55 years and 1 for age 55 or greater. 

The TRISS method has been used in a variety of ways. 
It can be applied to screening of groups of patients. This 
function of TRISS has been labeled with the acronym PRE, 
which stands for preliminary outcome-based evaluation. 
The TRISS method can also be used to compare different 
groups of patients. This function has been labeled with 
the acronym DEF, for definitive outcome-based evalua- 


k tion. 


The PRE is used largely for quality assurance purposes. 
Probabilities of survival are derived for large numbers of 
individual patients (Fig 2). After this is done, an arbitrary 
cutoff of 50% predicted survival is used to identify unex- 
pected deaths anc unexpected survivors. For example, a 
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Fig 2.—An example of TRISS plotting for 1 month of trauma admis- 
sions to the University of California, Davis, Medical Center, Sacra- 
mento. Diamonds indicate deaths; asterisks, survivors. The diago- 
nal line is the 50% mortality probability line. Deaths plotted below 
the line (there is one in this plot) are considered unexpected and 
worthy of further review. Survivors above the line (also one in this 
example) are considered unexpected survivors. 


patient who dies but had a predicted probability of 
survival of 60% by TRISS is classified as an unexpected 
death. This classification is by no means a judgment that 
an error in the patient's treatment has been made. It 
merely determines that the case is worthy of further 
review. Similarly, a survivor with a predicted probability 
of survival of 30% would be classified as an unexpected 
survivor. 

The TRISS method is also applied to DEF. Groups of 
patients are compared in a number of different ways. One 
comparison is with a norm derived from baseline popu- 
lation data. These comparison are done by means of the 
z statistic, which is derived from the following formula: 
z=(A-—E)S, where A indicates the actual number of sur- 
vivors in a patient population; E, the expected number of 
survivors in that population based on comparisons with 
a norm derived from baseline population data; and S, 
a scale factor accounting for population variation. 


S = W  Pi(1—Pi) , where P; is the survival probability for 
the ith patient in the population. A positive z statistic in- 
dicates more survivors than expected, and a negative z 
score indicates a less than expected number of survivors. 
An absolute value for z of greater than 1.96 indicates that 
the difference between the test population and the base- 
line population with respect to expected survivors is sig- 
nificant at the P<.05 level. 

For statistical reasons, a z score has several limitations. 
Small sample sizes limit its power and can lead to a fail- 
ure to detect differences between the test population and 
the baseline norm. Conversely, clinically unimportant 
deviations from the norm ina large patient population can 
still result in a z statistic that appears to be significant. Fi- 
nally, the absolute magnitude of z does not correlate with 
performance in a large group of patients. To overcome 
these difficulties in large patient populations, the W sta- 
tistic was developed to analyze further the populations 
with a statistically significant z score. The W statistic is 
defined as follows: W =100(A —E)/N, where A and E are 
the actual and expected numbers of survivors as defined 
for the z statistic and N is the number of patients in the 
test population. The W statistic gives the average increase 
or decrease in the number of survivors per 100 patients as 
compared with the norm population. Populations with z 
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statistics that are not significant are automatically classi- 
fied as having a W statistic of 0. 

The z and W statistics can be adversely affected if the 
patient profile of the test population differs significantly 
from the profile of the norm patient set. The M statistic is 
a measure of the comparability between the test patient 
set and the norm set and is created by comparing the 
fraction of patients in each of the patient sets for six dif- 
ferent ranges of survival probability. The lower fractions 
of the total population for each of these ranges when the 
two patient populations are compared are then summed, 
and this sum is the M statistic. Values for M close to 1 in- 
dicate comparability between the two patient groups. 
Lower values for M indicate a difference in the severity of 
injury match between the two groups and make values for 
z and W of questionable significance. 

The TRISS method can be applied to quality control. At 
our institution, probabilities of survival are calculated for 
all of our trauma admissions. This is too large a number 
for detailed review of each patient’s care, so PRE TRISS is 
used to determine which patients are statistically unex- 
pected survivors and which are unexpected deaths. These 
cases are then subjected to both internal review and 
review by a Trauma Audit Committee containing mul- 
tidisciplinary members from the community. From a 
population base of approximately 4000 trauma admis- 
sions per year, the number requiring further review is re- 
duced to 50 to 60 per year. A similar approach to trauma 
quality assurance is used for systems analysis in a num- 
ber of different communities. 

The DEF techniques can be used to compare different 
patient populations. The z and W statistics are useful in 
comparing different trauma care delivery systems and can 
also be used to compare treatment with prospective or 
retrospective controls if all of the necessary information 
needed to calculate DEF statistics are available. The DEF 
statistics have been put to the greatest use in the compar- 
ison of different institutions and trauma care delivery 
systems. 

The largest and most comprehensive attempt to apply 
TRISS is the Major Trauma Outcome Study, originated in 
1982 by the American College of Surgeons Committee on 
Trauma.” Data necessary for calculation of ISS and RTS 
are submitted to a national database in Washington, DC. 
Norms for probabilities of survival have been derived 
from this data in 15754 patients with blunt trauma and 
7423 victims of penetrating trauma and have been used 
both for PRE and DEF. The z and W statistics have 
been calculated for a large number of different institu- 
tions for comparisons between them. The Major 
Trauma Outcome Study database is continuing to 
grow. The Major Trauma Outcome Study is also begin- 
ning to collect data on functional disability at discharge 
so that comparisons with respect to disability as well as 
mortality can be made. 

Although TRISS has been a major advance in quantify- 
ing and defining injury and predicting mortality, several 
limitations of this approach became apparent as experi- 
ence with the system grew. One of the major identified 
limitations was that multiple severe injuries to the same 
body region were given insufficient weight in the ana- 
tomic scheme inherent to the ISS. Aother potential limi- 
tation was the relatively simple dichotomous approach 
taken to age, in which the only discrimination made was 
between patients younger or older than 55 years. To 
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overccme these limitations, an alternative to the ISS was 
created This new anatomic measure of injury severity, 
the Anatomic Profile, was then incorporated into a new 
combination of physiologic and anatomic systems known 
as A Severity Characterization of Trauma (ASCOT). In- 
creased discrimination with respect to age was also 
included. 

The tasis for the Anatomic Profile was fundamentally 
similar+o that for the ISS, and both were based on the AIS. 
The ma or differences between the two systems were that 
the Anatomic Profile gave more weight to all of a patient’s 
serious injuries. A serious injury was defined as any in- 
jury wth an AIS score of 3 or greater. Four different com- 
ponen= of the Anatomic Profile, elements A, B, C, and D, 
were c=fined. Component A included all of the serious 
injuries a patient had suffered to the head, brain, and 
spinal ->rd; component B included all of the serious inju- 
ries to ‘re thorax and front of the neck; component C in- 
cluded all other serious injuries; and component D 
included all of a patient’s less serious injuries. For each 
component, a score was calculated by taking the square 
root of the sum of the squares of all of the AIS scores of 
3 or greater for that component. 

For tre purposes of computing ASCOT, the Anatomic 
Profile was used in modified form. The D component was 
not inciaded because it did not contribute significantly to 
mortality prediction. The other elements of the Anatomic 
Profile were retained and combined with the elements of 
the RTS in the now familiar logistic regression formula for 
the calealation of probability of survival: Ps=1/(1 +e-*), 
where <=k, + k,GCS + k,SBP + kkRR + ksA + kB + k,C 
+ ks(age). All of the ks were constants derived by regres- 
sion analysis. The GCS, systolic blood pressure (SBP), and 
respiratory rate (RR) are recognizable as the elements of 
the RTS. Elements A, B, and C of the Anatomic Profile are 
also reeognizable. To give ASCOT more discriminatory 
power with respect to age than is contained in TRISS, the 
dichotamous TRISS method for age was expanded to a 
five-ster system for ASCOT. 

The ASCOT system is a relatively new descriptor of in- 
jury sewerity and as such has not been as rigorously tested 
as TRIS=. Nonetheless, early experience with ASCOT has 
demons -rated good reliability in predicting outcome. In 
the initial description of the system, ASCOT predicted 
outcome for both penetrating and blunt trauma some- 
what be-ter than did TRISS. This is an exciting new area 
of injury quantification and will be observed with interest 
as it is =pplied increasingly to different patient popula- 
tions. 


CONCLUSIONS 


Scoriag systems for both trauma triage and definitive/ 
comparative scoring have undergone an explosive devel- 
opment n the last 20 years. Rational systems for field tri- 
age of trauma victims now exist and are constantly being 
improved. Similarly, systems for determining prognosis 
on the basis of anatomic and physiologic derangements 
continue to evolve. One of the challenges of scoring sys- 
tem development is that, while the systems need to pro- 
vide an objective and constant background for the evalu- 
ation of patient care, they must also be flexible enough to 
responc to changes and improvements in patient care 
delivery. They must be intermittently refined so that 
changes in the scoring methods reflect the changing na- 
ture of ‘he patient population. 
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Unnecessary Operation? 


To the Editor.—Katz et al! provide a 
definitive study of the surgical im- 
plications of Henoch-Schénlein pur- 
pura (HSP). I am concerned, how- 
ever, with their characterization of 
abdominal or scrotal exploration per- 
formed for appendicitis or testicular 
torsion in patients later found to have 
HSP. While the results of these op- 
erations were normal, I do not agree 
that they were therefore unnecessary. 

Henoch-Schénlein purpura is a con- 
dition for which the clinical tetrad of 
abdominal pain, rash, arthralgia, and 
hematuria is diagnostic. However, in 
the study by Katz et al, only 22% of 
their 110 patients displayed all four 
of these symptoms and signs, and in 
fact, another 22% had only one of 
these manifestations of the disease. 
The diagnosis of appendicitis and tes- 
ticular torsion is still primarily a clin- 
ical one to be followed up immedi- 
ately with operative intervention, and 
I doubt that it is the intent of Katz and 
colleagues to suggest that HSP should 
leap to the fore in the clinician’s mind 
when confronted with a child with 
abdominal or scrotal pain. I suspect a 
kid with a rash and belly pain still is 
more likely to have appendicitis than 
HSP. I therefore propose that, rather 
than being characterized as unneces- 
sary (a term the authors use at least 
five times), such operations ought to 
be labeled unproductive or unreveal- 
ing. (I need not dwell, by the Way, on 
the potentially adverse medicolegal 
implications of the term unnecessary.) 

These comments regarding the 
characterization of certain surgical 
procedures in children with HSP are 
in no way intended to disparage this 
otherwise fine report by Katz and col- 
leagues. 

KAJ JOHANSEN, MD, PHD 
Seattle, Wash 


1. Katz S, Borst M, Seekri 1, Grosfeld 
JL. Surgical evaluation of Henoch- 
Schönlein purpura: experience with 110 
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children. Arch Surg. 1991;126:349-854. 


In Reply. —DrJohansen’s letter regard- 
ing our article concerning HƏP is of 
interest. I believe he is focusmg more 
than necessary on defendingthe right 
to perform a laparotomy in which the 
results are negative for suspected ap- 
pendicitis. The differential aagnosis 
of abdominal pain in children is broad, 
and we agree with Dr Johar<en that 
performing an operation for persis- 
tent localized right lower @madrant 
pain and tenderness is certainly an 
accepted surgical practice. The bot- 
tom line, however, is that children 
with HSP rarely have localized pain. 
Their pain is often diffuse and out of 
context with the clinical find ngs on 
physical examination. Furthermore, 
we could find only one case æport of 
acute appendicitis coexistiaz with 
HSP. Appendicitis therefore almost 
never occurs with this cond:-ion. 
Whether one wishes to use 1e term 
unproductive or unrevealing fo lowing 
a laparotomy in which the results are 
negative for suspected app=ndicitis 
is not the question. While D* Johan- 
sen’s suggestion that a carefu choice 
of words may reduce the risk of po- 
tential adverse medicolegal events has 
merit, we have to face the fac that no 
matter how we change the te-minol- 
ogy, the procedure under thse cir- 
cumstances was probably nat neces- 
sary. Similarly, torsion of th> testis 
almost never accompanies HSP (at 
least I am unaware of such = case). 
The testis is not elevated in tte scro- 
tal sac on physical examinatioæin chil- 
dren with HSP and scrotal hemor- 
rhage, and patients with testic_ lar tor- 
sion rarely have a rash or tk-ombo- 
cytosis. This suggests that aishough 
torsion may be considered ir-he dif- 
ferential diagnosis, other conditions 
may be the cause of these tindings 
and there is probably enougk -ime to 
performa prompt isotopic tess scan 
while the workup is progr2ssing. 
While not as accurate as a scan, a 
Doppler flow-probe applied te the af- 
fected scrotum and testis would prob- 


ably elicit a flow signal and avoid an 
unproductive scrotal exploration. In- 
deed, in four of the five children with 
scrotal hemorrhage and discomfort 
in our report, exploration was avoided 
by performing a scan. Our report con- 
cerning 110 cases of HSP indicates 
that this condition is not uncommon 
in children and may also occur in 
adults. The purpose of reporting our 
experience was to alert surgeons 
about this condition and its clinical 
presentations. 

We appreciate Dr Johansen taking 
the time to read our article and for his 
timely suggestion regarding the im- 
portance of choosing proper termi- 
nology when characterizing operative 
procedures and other aspects of pa- 
tient care in journals, charts, or other 
official patient records. 

JAY L. GROSFELD, MD 
Indianapolis, Ind 


Why Surgeons Prefer 
Not to Care for Patients 
With Trauma 


To the Editor.—I would like to com- 
ment on the rebuttal by Trunkey to 
the letter written by Sloane! in the 
August 1991 issue of the ARCHIVES. I 
almost feel this will be unnecessary 
because I expect you to receive so 
many letters regarding this that mine 
will be redundant. However, I feel 
that Dr Trunkey’s reply demonstrates 
the problem. It is the old “town and 
gown” problem, and he being in the 
gown category, has shown the usual 
egotism and arrogance. He failed to 
see Dr Sloane’s point. 

It may be redundant for me to re- 
peat what Dr Sloane said, since he 
did it quite well; however, I think Dr 
Trunkey missed the point, and as 
Pogo said, “We have met the enemy, 
and he is us,” and he is part of the 
problem. 

Surgeons in community hospitals 
can handle trauma very well and I, 
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like Dr Sloane, believe I am very 
good at it. But I am discouraged by 
the problems that he outlines, 
much of it having to do with the 
medical-legal risks. 

Also, I would like to ask Dr Trun- 
key how he resigned from the trauma 
service of the community hospital. 
As I understand it, it is my obligation 
to be on call in the Emergency De- 
partment and I have no choice in the 
matter as long as I want privileges at 
the hospital. I wculd like to resign 
from the trauma service and I wish to 
know how to go about this. I feel this 
reflects his ignorance of the real world. 

RICHARD L. CLARK, MD 
Mansfield, Ohio 


1. Sloane CE. Why I prefer not to treat 
trauma patients. Arch Surg. 1991;126: 
1042. 


In Reply.—In Virgil’s Aeneid, aged 
Priam throws a telum imbelle sine ictu, 
which literally means “a feeble 
weapon without a thrust.” This is like 
an argument that falls short of the 
mark or misses it altogether. Clark 
states that I am guilty of the old “town 
and gown” problem and that I have 
shown “the usual egotism and arro- 
gance.” In my reply to Sloane, I stated 
that there is no scientific evidence to 
support this (“that good treuma sur- 

ery could not be done in community 
hospitals”). I further replied that the 
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American College of Surgeons’ Com- 
mittee on Trauma has steadfastly in- 
sisted that community hospitals be 
integrated into any regional trauma 
system. Clark’s argument is a feeble 
thrust and relies on name-calling. 
In the preface to the 1986 docu- 
ment, Hospital and Prehospital Resources 
for Optimal Care of the Injured Patient,’ 
I wrote, “A major goal of the Amer- 
ican College of Surgeons has always 
been to improve the care of the sur- 
gical patient. Thus, the natural em- 
phasis of this task force has been to 
stress optimal care for all injured pa- 
tients. In pursuit of this goal, due 
consideration has been given to spe- 
cial problems of geography, popula- 
tion density, community and regional 
resources, availability of personnel, 
and the ever present demands of cost 
effectiveness.” During my entire 
tenure on the American College of 
Surgeons’ Committee on Trauma, 
it was stressed that a regionalized 
trauma system could not be estab- 
lished without the resources of the 
community hospitals, particularly 
those that could be designated as 
Level II. Clark does not serve him- 
self or his argument well by crying 
town and gown because I am criti- 
cal of Dr Sloane’s argument. 
Clark’s final argumentis that Sloane 
and he are discouraged because of 
“medical-legal risks.” Clark, like 


Sloane, has ignored the original ar- 
gument of Esposito et al.* On page 
296 of the original article, two para- 
graphs are devoted to refuting per- 
ceived medical-legal risks. If Clark or 
Sloane have hard evidence showing 
that there is indeed an increased med- 
ical-legal risk in caring for trauma pa- 
tients, I am sure the editors of the 
ARCHIVES would be anxious to make 
this available to its readers. 

Clark is disingenuous in asking me 
for advice on how to resign from the 
trauma service of his community hos- 
pital. The bylaws of some, but not all, 
hospitals require surgeons appointed to 
the staff to care for Emergency Depart- 
ment patients, including those with 
trauma. If this is true in the hospital in 
which Clark works, he may have no 
other recourse than to appeal to the med- 
ical staff or the Board of Governors. Al- 
ternatively, he could move his practice. 
I hope that in some small way my letter 
helps this individual. 

DONALD TRUNKEY, MD 
Portland, Ore 


1. American College of Surgeons. 
Hospital and Prehospital Resources for 
Optimal Care of the Injured Patient. 
Chicago, Ill: American College of Sur- 
geons; 1986. 

2. Esposito TJ, Maier RV, Rivara FP, 
Carrico CJ. Why surgeons prefer not to 
care for trauma patients. Arch Surg. 
1991 ; 126:292-297. 
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Wylie’s Atlas of Vascular 
Surgery: Complications 
Requiring Reoperation 


By Ronald J. Stoney and David J. Ef- 
fency, 194 pp with illus, $150, Philadel- 
phia, Pa, JB Lippincott Co, 1991. 

The text is the first of six volumes 
in a series entitled Wylie’s Atlas of 
Vascular Surgery. The concept is 
based on extending the insights and 
methods detailed by Edwin J. Wylie, 
MD, in his Manual of Vascular Sur- 
gery, which evolved over four de- 
cades of surgical treatment of vascu- 
lar patients at the University of 
California, San Francisco. This vol- 
ume will be supplemented by addi- 
tional volumes on Basic Considerations 
and Techniques, Extracranial Vascular 
Disease, Diseases of the Abdominal Aorta 
and Its Branches, Extremity Vascular 
Disease, and Venous and Miscellaneous 
Vascular Problems. In this format, the 
book was written to be a complete 
independent work, as well as a com- 
plement to the future volumes, and 
thus should be considered from both 
perspectives. 

As an independent work, the vol- 
ume is carefully conceived to address 
the treatment of complications of 
vascular reconstructions that require 
reoperation. It is expertly illustrated 
with a combination of angiograms, 
scans, intraoperative photographs, 
and color artwork to present an ana- 
tomically correct understanding of 
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the complications and their surgical 
exposure and corrective therapy. 
The quality of the illustratioms is ex- 
cellent and could be used as a stan- 
dard for this type of book. The com- 
pleteness and unique quality of case 
material is obviously made available 
by the long-term, high-volume refer- 
ral practice of the authors. The text 
accompanying the figures is brief 
and is concisely focused on the par- 
ticular complication being discussed, 
without providing a detailed:descrip- 
tion of the epidemiologic or patho- 
logic features of the lesion that was 
initially treated. This type of infor- 
mation is not necessary for discuss- 
ing the complications or the appro- 
priate therapy, and may be the focus 
of other volumes that will be pub- 
lished in the series. The scope of the 
complications discussed is very 
broad and the relevance and severity 
of each is accentuated by theamount 
and focus of the relevant discussion. 
Topics in this volume are specifically 
restricted to the discussion ef com- 
plications requiring reoperation (as 
the title states), and therefore, some 
vascular procedures and the nonop- 
erative complications, such as those 
related to portosystemic shunting or 
venous surgery, are not discussed. 
This volume also does not nclude 
the basic considerations and tech- 
niques of vascular surgery thet are of 
interest to surgeons who would like 
to have more information or “how a 
procedure is performed and what the 


alternative techniques are.” These 
points are likely to be included in a 
future volume dealing with these 
considerations. 

The segments of the book that dis- 
cuss the problems and treatment of 
graft infection are excellent. The indi- 
cations and techniques for utilization 
of autogenous tissue repair or replace- 
ment are outlined in more detail here 
than in any other atlas on the subject. 
Although discussion of the specific 
microbiologic characteristics or bioma- 
terials associated with these problems 
is limited, the text details the causes, 
clinical course, common presentations, 
and treatment of all major vascular 
graft infections. 

The authors have accomplished 
their goal of producing an exemplary 
color atlas of vascular surgery com- 
plications requiring reoperation. The 
book is highly recommended for sur- 
gical residents and should be care- 
fully reviewed by all vascular surgery 
trainees and practicing vascular sur- 
geons. It will also serve as a valuable 
resource for general medical special- 
ists, as the illustrated material por- 
trays the pertinent clinical informa- 
tion in a manner that can be easily 
and rapidly assimilated. The price is 
reasonable in light of the high- 
quality illustrations, although the 
completed atlas will become quite 
expensive if all volumes are compa- 
rably priced. 


RODNEY WHITE, MD 
Torrance, Calif 


Books 


1992 


February 
Society of Thoracic Surgeons, February 
3-5, Orlando, Fla. 


Society of University Surgeons, Febru- 
ary 13-15, Cincinnati, Ohio. 


Pacific Coast Surgical Association, Feb- 
ruary 16-19, Kauai, Hawaii. 


March 
Central Surgical Association, March 5-7, 
Madison, Wis. 


Society of Surgical Oncology, March 15- 
18, New York, NY. 


American College of Surgeons Spring 
Meeting, March 22-26, Orlando, Fla. 
April 


American Burn Association, April 1-4, 
Salt Lake City, Utah. 


American Surgical Association, April 
6-8, Palm Desert, Calif. 


Surgical Infection Society, April 7-9, Los 
Angeles, Calif. 


Society of American Gastrointestinal En- 
doscopic Surgeons, April 9-12, Washing- 
ton, DC. 


CALENDAR 


American Association of Endocrine Sur- 
geons, April 12-14, Miami, Fla. 


American Association for Thoracic Sur- 
gery, April 26-29, Los Angeles, Calif. 


Southwestern Surgical Congress, April 
26-29, Scottsdale, Ariz. 


American Association of Veterans Af- 
fairs Surgeons, April 30 to May 2, Albu- 
querque, NM. 

May 


Society for Surgery of the Alimentary 
Tract, May 11-13, San Francisco, Calif. 


American Pediatric Surgical Associa- 
tion, May 13-16, Colorado Springs, Colo. 


Southeastern Surgical Congress, May 31 
to June 3, Atlanta, Ga. 


June 


Fourth World Congress of Hepatobiliary 
Surgery, June 7-11, Hong Kong. 


American Society of Colon and Rectal 
Surgeons, June 7-12, San Francisco, Calif. 


Society for Vascular Surgery, June 8-9, 
Chicago, Ill. 


International Society for Cardiovascular 
Surgery, June 9-10, Chicago, Ill. 


Western Thoracic Surgical Association, 
June 24-27, Kauai, Hawaii. 


ANNOUNCEMENT 


July 


Society of Head and Neck Surgeons, July 
26-30, San Francisco, Calif. 


August 
National Medical Association, August 
1-8, San Francisco, Calif. 

September 

American Association for the Surgery of 
Trauma, September 17-19, Louisville, 
Ky. 
American Thyroid Association, Septem- 
ber 21-26, Rochester, Minn. 
New England Surgical Society, Septem- 
ber 24-27, Dixville Notch, NH. 

October 


American College of Surgeons Clinical 
Congress, October 11-16, New Orleans, 
La. 

November 


Southern Thoracic Surgical Association, 
November 5-7, Wesley Chapel, Fla. 


North Pacific Surgical Association, No- 
vember 13-14, Tacoma, Wash. 


Western Surgical Association, Novem- 
ber 15-18, San Antonio, Tex. 


Association for Academic Surgery, No- 
vember 18-21, Montreal, Quebec. 
December 


Southern Surgical Association, Decem- 
ber 6-9, Miami, Fla. 


The Archives is please to announce the appoint- 
ment of Ira M. Rutkow, MD, MPH, DrPH, as a con- 
sultant in surgical history to the journal. Dr Rutkow 
received his medical degree from St Louis (Mo) Uni- 


versity in 1975, and his MPH and DrPH degrees from 

Johns Hopkins University, Baltimore, Md, in 1978 and 

1981, respectively. Dr Rutkow completed his training 

in general surgery at The University of Medicine and 

~~ Dentistry of New Jersey, Newark, in 1982, and was 
© certified by The American Board of Surgery in 1983. 
A fellow of the American College of Surgeons, Dr 
_ Rutkow has authored many scientific articles and 
book chapters. He is the author of History of Surgery in 

the United States (75th Anniversary volume, Surgical 
Clinics of North America, WB Saunders Co, 1987), The 
History of Surgery in the United States, 1775-1900 (Nor- 

man Publishing Co, 1988 [volume 1] and 1992 [volume 


Ira M. Rutkow, MD, MPH, DrPH 2}), and Socioeconomics of Surgery (CV Mosby Co, 1989). 





Arch Surg—Vol 127, January 1992 121 


Box 











CLASSIFIED 
INFORMATION 


Regular Classified 1 Time 3 times 

or more* 
Cost per word $1.80 $1.65 
Minimum ad: 20 words per issue 


“In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered one 
word, and figures consisting of a dollar sign and 
five numerals or less are considered one word. 
Cities and states consisting of two words or 
more are counted as one word: i.e., "New York" 
and "Salt Lake City". Zip code is considered 
one word and must appear in all ads. Tele- 
phone number with area code is considered 
one word. When box numbers are used for 
replies, the words "Box ——, c/o AOS" are to be 
counted as three words. 


Classified Display 1 Time 3 times 

or more* 
Full page $1,532 $1,332 
Two-thirds page 1,305 1,135 
One-half page 1,072 932 
One-third page 845 736 
One-sixth page 391 339 
Column inch 115 100 


Minimum display ad: one column inch 

12-time and 24-time rates available on request. 
Display Production Charge: The publication will 
pub-set advertisements upon request. The type- 
setting fee is 10% of the one-time ad cost shown 
above. Special requests will be billed to the 
advertiser and/or agency at the then prevailing 
rates. 


Box Service 


Available for all ads. The cost is $20.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly mailed 


directly to you. 


Closing Date 


The 25th of the second month prior to the issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled after 
the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


ARCHIVES 


OF 
Surgery 
Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 
800-237-9851 @ 813-443-7666 





Florida 34617. Our telephone numbers are: 800-237-9851: 813 
spondence to the AMA headquarters in Chicago. This causes needless celay. 
Inquiries about "BOX NUMBER" advertisements: All re 
, Clo AOS, P.O. Box 1510, Clearwater, Florida 34617. We aze not 
mail sent in care of Archives of Surgery. 


Professional Opportunities 


GENERAL SURGEONS needed for dusy, well 
established southern Oregon practice. We are seek- 
ing board-eligible/-certified surgeons wh» are looking 
for a long term association. Excellent apoortunity to 
practice quality patient care in the beeutiful Pacific 
Northwest. Our community is surround®d by excel- 
lent schools and many cultural and secreational 
facilities. Outstanding benefit package including 
CME, vacation, malpractice, disability. and health 
insurance. Please send CV and letters of reference 
to: Box #934, c/o AOS. 


SHELTON, WASHINGTON 


Seeking a BC/BE general surgeon for a growing 
surgical practice in a rural hospital settimc. Position 
includes a 68 bed hospital with a ten million dollar 
expansion to be completed fall 1992. Tr= combina- 
tion of the Pacific Northwest and the challenge and 
variety of a rural hospital creates an idee! opportuni- 
ty for a second general surgeon. Quality living, 
unlimited year-round activities, friendly saf environ- 
ment with a close proximity to metropowtan areas. 
Competitive compensation package. Seac CV to: 






Mary Penney 
P.O. Box 1158 
Shelton, Washington, 98584 
FAX (206) 427-9569 


GENERAL SURGEON to join two university trained 
general surgeons in a busy practice. Our midwest- 
ern community of 100,000 has two mezern hospi- 
tals, one of which is a Level Il trauma center with 
400 plus beds, with many subspecialists Available 
immediately, but prefer 1991 or 1992 graduate. 
Reply: Surgeon Recruitment, 700 - 4th Street, Suite 
400, Sioux City, IA 51101. 


CALIFORNIA COASTAL COMMUNITY — Multi- 
specialty group of 57 physicians has an opening for 
a general surgeon to join an expanding, busy, group 
practice. This opportunity is located in a moderate 
sized city with sunny beaches and excell-mt opportu- 
nities for outdoor activities, 25-miles soutn of Santa 
Barbara and 60 miles north of Los Angles. Com- 
pensation is competitive. Fringe benefits are excel- 
lent. Shareholdership possible after one year. For 
information, contact: Barbara Topping, Busnaventura 
Medical Clinic, 2705 Loma Vista Road, antura CA 
93003. 


GENERAL SURGEON 
Opportunity for qualified physician to join tre general 
surgeons in a well-established multi-specialty group. 
Ochsner Clinic of Baton Rouge offers a competitive 


salary with excellent fringe benefits program Send CV 
to: Ochsner Clinic of Baton Rouge, Physica Recruit- 
ing, 16777 Medical Center Drive, Baton Reuge, LA 
70816. Or call: (800) 488-2240. 


GENERAL VASCULAR SURGEON, BC’3E to join 
busy two-person practice, affiliated witt 600-bed 
fully accredited teaching hospital in nortwest New 
Jersey. Must have vascular fellowship. Excellent 
professional situation with sound financ=! opportu- 
nity in beautiful suburban area, 35 miles ‘rom New 
York City. Reply: P.O. Box 935, c/o AOS 





BUSY, FIVE-PERSON surgical group needs ener- 
getic BC/BE general surgeon with laparoscopic 
skills. Vancouver, Washington is a suburd of Port- 
land, Oregon with nearby skiing, outdowr activities 
and culture, safe streets and good schools. Send 
CV to: Columbia Surgical Group, 3305 Werth Main, 
Vancouver, WA 98663. 


















All classified advertising orders, correspondence and payments shoul be directed to: Archives of Surgery, P.O. Box 1510, Clearwater, 
443-7666. Please do not send classified ads, payments or related corre- 


plies must be in writing and must cite the box number in the ad. Example: 
permitted to divulge the identity of advertisers who wish their 


Professional Opportunities 


JOIN US IN SOUTH DAKOTA. We are a successful 
group who enjoy our work and patients. We practice 
high quality medicine in an environment with no 
HMO's, low malpractice, and no state income tax. 
You are a BC/BE practicing surgeon or resident 
who wants a broad practice. You can do vascular, 
thoracic, surgical endoscopy, and laparoscopy and 
be free from large city “turf wars” in a wonderfully 
outfitted regional hospital. You want friendly people, 
good schools, easy lifestyle, and high income. Call 
or write: Robert Hohm, MD, Tschetter-Hohm Clinic, 
455 Kansas Southeast, Huron, SD 57350. (605) 
352-8767. 


BC/BE GENERAL SURGEON needed to join two 
physician department in 25 doctor multi-specialty 
clinic. Mountain locale. Guaranteed salary. Excel- 
lent benefits. CV to: Mike McCraley, Ogden Clinic, 
4650 Harrison, Ogden, UT 84403. (800) 234-5637. 


BC/BE GENERAL SURGEON to join busy estab- 
lished growing four BC general surgical group in 
suburban Puget Sound. Competitive financial pack- 
age. Please send CV to: Box #933, c/o AOS. 


ATTENTION PHYSICIAN RECRUITERS. The 
"Classified Advertising" sections now in all nine 
AMA Specialty Journals target the physician you 
want. These highly visible sections put your mes- 
sage in the hands of every specialist that qualifies 
for your professional opportunity, every month. To 
place the ad of your choice, any size, call toll free: 
(800) 237-9851; Local (813) 443-7666. 


Humana has 


the right locations. 








Group, associate and solo opportunities are 
available in a variety of settings. Here are a few 
to pick from: 


General Surgeons Orthopedic Surgeons 
Alabama South Florida 
Central Florida Atlanta, GA (area) 
Newnan, GA Chicagp, E a 
ge ’ 
Mor aonar AL. Lexington, KY 
antral Hong So t, KY 
Central Horida merset, 
New Orleans, LA naw arean, LA 
pei ur n Winnfield, LA 
; i Chattanooga, TN 
Eyopa Lebanon, TN 
aaay- Morristown, TN 
a A Beaumont, TX 
South Florida College Station, TX 
Niania, GA (areo) Corpus Christi, TX 
Louisa; KY Houston, TX 
sores RY Richlands, VA 
Louisiana Urologists 
taaier vt Orlando, FL 
Greenbrier Valley, WV fg A 
Orthopedic Surgeons Som orsel, KY 
Abamo Lake Charles, LA 
Fhoenbe AZ Ville Platte, LA 
Donor GO. College Station, TX 
Central Florida San Antonio, TX 
Layton, UT 


Call TOLL-FREE 1-800-626-1590, or send your 
curriculum vitae to: Manager, Professional 
Relations, Humana Inc., Dept. 00-1, PO. Box 
1438, Louisville, KY 40201-1438. 


umana” 


Thoracic Surgeons 
Vascular Surgeons 
Surgical Oncologists 


Explore the resources and technology of a leading force in the 
healthcare industry: 


® Southern California locations 
© Freedom to focus 09 your surgical skills 
è Relief from business and administrative duties 


è Predictable hours, guaranteed practice, excellent salary and 
benefits including paid malpractice 


Send your CY to: Irwin P. Goldstein, MD, Associate Medical 
Director, SCPMG Dept. 042, Walnut Center, Pasadena, 
CA 91188-8013. 


1-800-541-7946 


Physician @¥ PracticeLink 


General/Vascular Surgeon 


Solo practitioner seeking experienced 
vascular surgeon to join a very busy, 
rapidly growing practice. Established 
physician is highly regarded in medical 
community. The practice is located on 
the campus of Borgess Medical Center in 
a medical specialties building allowing 
easy access to surgical suites. 


Physician PracticeLink 
455 E. Eisenhower Parkway 
Suite 300 
Ann Arbor, MI 48108-3304 


In MI 1-800-431-LINK e In US 1-800-322-LINK 
FAX: 1-313-741-1718 








__ Professional Opportunities 





SURGICAL ONCOLOGIST - Adirondack, Lake 
Champlain region, New York: Opportunity to join a 
general surgeon offering a generous salary and 
benefits leading to partnership in the second year. 
Champlain Valley Physicians Hospital Medical Cen- 
ter, a 420-bed hospital, has a new regional cancer 
center which offers a variety of interesting case- 
loads. Plattsburgh, a college community of 40,000, 
offers extraordinary family environment in combina- 
tion with a variety of recreational opportunities cen- 
tered on Lake Champlain, the Olympic Lake Placid 
region and Montreal. For more details please con- 
tact: Hannah Hanford, Box 1656, Plattsburgh, NY 
12901. (518) 643-2998. 


NORTHERN VIRGINIA — BC/BE general surgeon 
with vascular experience to join two surgeons in 
practice of general, vascular, thoracic surgery in 
northern Virginia suburbs of Washington, DC. Bene- 
fits and salary leading to partnership. Send CV to: 
Surgical Associates of NOVA, 2296 Opitz Boule- 
vard, #260, Woodbridge, VA 22191. 


Why waste 
another second? 


Let Jackson and Coker's Locum q ve eS 


Tenens Division provide the answer 2 NEN z 
to all your staffing needs... vacations. N r 
illnesses, retirements, CME's or coverage i 
while you recruit a permanent physician 


For short or long term coverage call 
1-800-272-2707 ext. 61 tocay and 
let our professional staff go to f 


work for you. 


JACKSON 
AND COKER 


LOLI WUE NE NS p 


115 Perimeter Center Place Suite A8O-ARS2 Atlanta. Georgia 30346 





JOIN VERY SUCCESSFUL and respected surgeon 
in partnership serving three excellent hospitals with- 
in a 15 mile radius in southern Illinois. Practice 
located in a progressive hospital, in a nice commu- 
nity with a strong industrial employment base, only 
fifty minutes from St. Louis. Enjoy a salary of 
$120,000 to $140,000 annually, generous incentive 
bonus, paid office expenses, paid malpractice, life, 
health, and disability insurances, pension, and 
deferred compensation plans. Send CV or call: 
Robert Turnage, Jackson and Coker, Inc., 115 
Perimeter Center Place, Suite 380 20005, Atlanta, 
GA 30346. Telephone: (800) 544-1987. 


GENERAL AND VASCULAR SURGEON to join a 
busy, four surgeon practice on Long Island, New 
York. Must have at least one year of vascular fellow- 
ship. Excellent financial benefits and early partner- 
ship. Send CV to: South Shore Surgical Specialists, 
786 Montauk Highway, West ‘slip, NY 11795. 


DELTA, COLORADO is a beautiful southwestern 
Colorado community nestled between Grand Mesa, 
the largest flat-top mountain in the world, and Black 
Canyon to the south. The general surgeon can step 
into an established practice supported by an excel- 
lent 49-bed hospital. Please send your CV to: Bill 
Norris, Director of Regional Physician Services, 
Presbyterian Healthcare Services, P.O. Box 26666, 
Albuquerque, NM 87125. Or call: (505) 260-6320 to 
discuss practice details and guarantee. 











NEED A DOCTOR? For the most comprehensive 
coverage to specific specialties and select sub- 
specialties, put your recruitment ad in an AMA spe- 
cialty journal. We target your ad to the physician you 
want. To schedule your ad call our "Classified Adver- 
tising” office: National (800) 237-9851; Florida (813) 
443-7666. 


12 








__ Positions Available — 


WELL ESTABLISHED, multi-specialty medical 
group needs board-certified or board-eligible 
internist/orthopedist for Worker's Compensation 
defense evaluations. Experience desirable. Spanish 
speaking a definite plus. Office locations in Los 
Angeles, Mission Hill, and Long Beach. Call Chuck: 
(800) 541-1173. 


PHYSICIAN 
“SURGICAL 
ASSISTANT ” 


NJ licensed. Bd elig. Gen Surgeon or other 
surg speciality. Middlesex Cty hosp (near New 
Brunswick). Full time. Assignment can be 
permanent or thru 6/92 (ideal for MD who is 
uncommitted or aioe Fellowship). 
Excellent $$. Malpract covered. 


MEDI-CALL 


212-320-1122 ¢ 914-353-2626 
500 Bradley Hill Rd, Blauvelt, NY 10913 
























Faculty Positions 


THE UCLA SCHOOL OF MEDICINE Department of 
Surgery is recruiting an academic surgical oncolo- 
gist to join the division of surgical oncology. This 
tenure-track appointment is at the level of assistant 
professor. A demonstrated research interest in 
colon cancer, metastasis and laboratory investiga- 
tion is desired. Please send CV and names of three 
references to: Dr. James Economou, Division of 
Surgical Oncology, Factor Building 9-267, UCLA 
Medical Center, Los Angeles, CA 90024. UCLA is 
an affirmative action/equal employment opportunity 
employer. 








THE DEPARTMENT OF SURGERY at the Universi- 
ty of California, Davis seeks a full-time academic GI 
surgeon. The level of appointment will be commen- 
surate with qualifications. Applicants must be either 
board-eligible or board-certified in general surgery 
with expertise in teaching, research and GI surgery. 
A letter outlining research and teaching background, 
a Curriculum vitae and bibliography, along with the 
names of three references should be forwarded to: 
F. William Blaisdell, MD, Professor and Chairman, 
Department of Surgery, University of California, 
Davis, 4301 X Street, Sacramento, CA 95817. This 
position will remain open until filled but applications 
cannot be accepted after May 31, 1992. The Univer- 
sity of California is an affirmative action/equal op- 
portunity employer. 


Medical Equipment/Supplies 
NO-SCALPEL vasectomy instruments. One set 


$169.50 or two for $299. Video tape $75. (609) 625- 
6262. CMAC, P.O.B. 727, Mays Landing, NJ 08330. 





DOCTORS IN YOUR SPECIALTY are the best mar- 
ket for used/serviceable equipment that may be 
surplus to your needs. Advertise this equipment in an 
AMA Specialty Journal and reach your market. Call 
our “Classified Advertising” office toll free: (800) 237- 
9851. 


Computers/Software 


AMERICAN MEDICAL SOFTWARE's Medical 
Office Management, Office Billing, Electronic 
Claims, Bar Coding, and Medical Records Systems 
feature easy installation-operation, advanced Capa- 
bilities, and toll free support. For information, call: 
(800) 423-8836. 


LS BITI ee eee ey ee 
PLEASE NOTE - Address replies to box number 
ads as follows: Box number __ , C/o AOS, 
P.O, Box 1510, Clearwater, FL 34617. 

oe Ne AAE ae 








We Target The Physician 
You Want! 


The Archives of Surgery classified recruitment advertising section is 
seen by precisely the physician you need — general surgeons, plastic 
surgeons — plus other su-gical subspecialties. A total targeted physi- 
cian audience of almost 20,000. 


Send your order today. Just complete the coupon below and attach 
your typewritten copy. The next available issue is March which closes 
January 25th. 


The classified rate is $1.89 per word for one issue. For three issues or 
more, the rate is $1.65 per word per issue. Minimum classified ad is 20 
words. 


et el ee a ee o ORDER FORM = = = = = = oi ke 
Please insert my ad_____ tines, beginning withthe sigue 


Place my ad under the heading sia ae a oss kt 


Enclosed is my check for $ Sto Cer Tull 
payment of my advertising schedule. 


Institution erste A Seog em 
Contact Person eget cept Sates ees ies lh stil 
Address E S esas gl se i 
City 
Area Code & Telephone Numter SUR AS ee ee ee Le eee Pree | E 
Authorized Signature nt il EA 





COPY FOR CLASSIFIED ADVERTISEMENT: (Please type or print to avoid errors) 


i—i ee 
emcee rn a 





Send all copy and payments to: 


ARCHIVES 
Surgery 


Classified Departmen, P.O. Box 1510, Clearwater, Florida 34617 
National (800 237-9851 e Local (813) 443-7666 
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due to indicated organisms 


For intravenous or Intramuscular Use 
(FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE INSERT.) 


INDICATIONS AND USAGE , 

Treatment: CEFOTAN is indicated far the therapeutie treatment of the following infections when caused 

by susceptible strains of the designated organisms 

Uri infections caused by £ coli, Klebsiella-species (including K 

mirabilis, and Proteus sp (which may include the organisms now called 

rettgeri, and Morganella morganii). 

Lower Respiratory Tract Infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 

Staphylococcus aureus (penicillinase- and nonpeniaillinase-producing strains), Haemophilus influenzae 

(including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), E coli, Proteus 

mirabilis, and Serratia marcescens” 

Skin and Skin Structure Infections caused by Staphvlococcus aureus (penicillinase- and nonpenicillinase- 

producing strains), lococcus epidermidis, Streptococcus pyogenes, Streptococcus species 

excluding enterococci), F coli, Klebsiella pneumonae, and Peptococcus* and Peptostreptococcus sp.” 

logic Infections caused by Staprylococcus aureus (including penicillinase- and nonpenicillinase- 

producing strains), Staphylococcus epidermidis, Streptococcus species (excluding enterococci), group B 

streptococci, E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 

B ovatus, and B thetaiotaomicron),.Fusabacterium soecies,” and gram-positive anaerobic cocci (including 

Peptococcus and Peptostreptococeus species). 

intra-abdominal Infections causec dy É coli, Klebsiella species ety He pneumoniae), Strepto- 

coccus species (excluding enterococci), Bacteroides species (excluding B distasonis, B ovatus, and 

B thetaiotaomicron), and Clostridium species.” 

Bone and Joint infections caused by CuS aureus.” 

*Efficacy for this organism in this orgam system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the cawsative organism nas not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglyceside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro against many Enterobacte’iaceae and also some other gram-negative bacteria. 
The dosage recommended in the ‘adeling of both antibiotics may be given and depends on the severity 
of the infection and the patient's condition. 

Note: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity sas not been noted when CEFOTAN was given alone, it is possible that 
nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 

: The preoperative administration of CEFOTAN may reduce the incidence of certain post- 
operative infections in patients undergcing surgical procedures that are classified as clean contaminated 
or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, transurethral 
surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, SEFOTAN should be administered intravenously after the 
e of the umbilical cord. 

if there are signs anc symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
ac contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had previous hy sitivity reactions to c n disodium, cephalosporins, 

icillins, or drugs. This preduct should be given cautiously to penicillin-sensitive patients. 

biotics should be administered with caution te any patient who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute vity reactions may require epinephrine and other emergency measures. 

Pseudomembranous colitis has beea reported with the use of cephalosporins (and other broad- 

m antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. 

Mild cases of colitis may responce to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe. oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C difficile. Other causes should also be considered. 

In common with many other bread-soectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity and, possibly, subsequent bleeding. Those at increased risk include patients with 
renal or hepatobiliary impairment or poor nutritional state, the elderly, and patients with cancer. 
Prothrombin time should be monitared and exogenous vitamin K administered as indicated. 
PRECAUTIONS 
General: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in overgrowth 
of nonsusceptible organisms. Careful ooservation cf the patient is essential. If superinfection does occur 
during therapy, appropriate measures should be taken. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
pau colitis. 
nformation for Patients: As with same other cephalosporins, a disulfiram-like reaction characterized by 
enig sweating, headache, anc tachycardia may occur when alcohol (beer, wine, etc.) is ingested 
within 72 hours after CEFOTAN admuniszration. Patients should be cautioned about the ingestion of 
alcoholic beverages following the administration of CEFOTAN. 

Drug Interactions: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
alone, it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 

Dru Test Interactions: A faise positive reaction for glucose in urine may occur with 
Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels by Jaffe reaction and produce false increases in the levels of 
creatinine reported. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Although long-term studies in animals have not 
been performed to evaluate carcirogenc potential, no mutagenic potential of cefotetan was found in 
standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 


eumoniae), Proteus 
oteus vulgaris, Providencia 


CEFOTAN... 
(cefotetan disodium | 


In intra-abdominal and gynecologic infection 


500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
developmentally analogous to late childhood and ponsen in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected celis included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence anc severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methylthiotetrazole- 
containing antibiotics and impaired fertility has been reported, seg | at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. 
findings to humans is unknown. 


relevance of these 


Usage in Pregnancy: Category B: Reproduction studies have been performed in rats and 
monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired fertility or 
harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 


pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used during pregnancy only if clearly needed. 

Usage in Nursing Mothers: Cefotetan is excreted in human milk in very low concentrations. Caution 
should be exercised when cefotetan is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

In clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 
nent! symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700). 

Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
positive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 

Hepatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

ri ged reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 
(1 in 700). 

Local effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). 

During postmarketing experience with CEFOTAN, agranulocytosis, anaphylactic reactions, fever, 
hemolytic anemia, leukopenia, prolonged prothrombin time with or without bleeding, pseudomembranous 
colitis, and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRATION 

Treatment: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 
iat Dt LN TE AON ABN Ci REE Ne Ae OE AEE ETE SEES 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


*Maximum daily dosage should not exceed 6 grams. 


Prophylaxis: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

impaired Renal Function: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 

















DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 
mL/min Dose Frequency 
>30 Usual Recommended Dosage” Every 12 hours 
10-30 Usual Recommended Dosage” Every 24 hours 
<10 Usual Recommended Dosage” Every 48 hours 
“Dose determined 


the type and severity of infection, and susceptibility of the causative 2 sae 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 
When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 


Males: ERENT TE Ry SET ETT 
72 x serum creatinine (mg/100 mL) 


Females: 0.9 x value for males 

-Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 


Manufactured for 


STUART PHARMACEUTICALS 
A business unit of ICI Americas Inc. 


Wilmington, Delaware 19897 USA Rev. S 05/91 





Cefotan 
arithmetic. 


more cost-effective 
than cefoxitin’? 








less frequent dosing 
than cefoxitin’ 


several times the half-life | 
of cefoxitin": 





“x F 


single-dose prophylaxis/ 
MS twice-daily treatment 





Count on 


CEFOTAN... 


icefotetan disodium) 


In intra-abdominal and gynecologic infection 
cue to indicated organisms 





References: 1. Nightingale CH, Smith KS, Quintiliani R, et al: The conversion of cefoxitin usage 
to cefotetan: An interdisciplinary approach. Am J Surg 1988;155(5A):101-102. 2. Sochalski A, « 
Sullman S, Andriole VT: Cost-effectiveness study of cefotetan uscefoxitin and cefotetan 

versus combination antibiotic regimens. Am J Surg 1988;155(SA)°96-101. 3. CEFOTAN® 

(cefotetan disodium) full prescribing information issued March 1986. 4.Physicians’ Desk 

Reference, ed 43. Oradell, NJ, Medical Economics Co, 1989 Meféxin® (cefoxitin sodium, MSD), 

pp 1355-1357. 5. Carver M, Quintiliani R, Nightingale CH: Comparative pharmacokinetic 

study of cefotetan and cefoxitin in healthy volunteers. Infect Surg, April 1986 (suppl), 

pp 11-14. 6. Quintiliani R, Nightingdle CH, Stevens RC, et al: Comparative pharmacokinetics 

of cefotetan and cefoxitin in patients undergoing hysterectomies and colorectal operations. 

Am J Surg 1988;155(5A):67-70. 


Please see adjacent page for brief summary of prescribing information. © 1989 ICI Americas Inc. 
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Candida Infection With and Without Nystatin Prophylaxis: 


An 11-Year Experience With Patients With Burn Injury 
M. H. Desai, R. L. Rutan, J. P. Heggers, D. N. Herndon 








Liver Injury Is a Reversible Neutrophil-Mediated Event 
Following Gut Ischemia 


R. S. Poggetti, F. A. Moore, E. E. Moore, D. D. Bensard, 
B. O. Anderson, A. Banerjee 





A National Survey of Surgeons’ Attitudes About Patients With 
Human Immunodeficiency Virus Infections and Acquired 
Immunodeficiency Syndrome 
G. A. Shelley, R. J. Howard 





The Surgical Infection Society’s Policy on Human Immunodeficiency `- 
Virus and Hepatitis B and Hepatitis C Infection: 
The Ad Hoc Committee on Acquired 
Immunodeficiency Syndrome and Hepatitis 


J. M. Davis, R. H. Demling, F. R. Lewis, 
E. Hoover, J. P. Waymack 


Modulation of Macrophage Hyperactivity Improves Survival, 
in a Burn-Sepsis Model : 


M. G. O’Riordain, K. H. Collins, M. Pilz; |. B. Saporoschetz, 
J. A. Mannick, M. L. Rodrick 


Volume 127, Number 2 
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Once for prophylaxis. 
Once daily for cure. 


The prophylactic dose of ROCEPHIN is also the daily therapeutic dose. 
ROCEPHIN, 1 gm given once prior to surgery* in adults, provides 
effective prophylaxis against infection anc is on board throughout the 
perioperative period—even if surgery is delayed or prolonged. 


And ROCEPHIN, 1 to 2 gm given once a day in adults, is the usual 
therapeutic dosage for the following common postsurgical infections: 
lower respiratory tract or skin/skin structure infections due to Staphylo- 
coccus aureus, Klebsiella pneumoniae and Proteus mirabilis; urinary 
tract infections due to Escherichia coli. K. oneumoniae and P mirabilis 


Efficacy, economy, ease and generally we | tolerated. ROCEPHIN: 1 gm 
once for prophylaxis, once daily for cure. 





Once-a-day 
Rocephin..,, 


ceftriaxone sodium/Roche 





Usual adult daily dosage: 1 to 2 gm once a day 


As with any cephalosporin, there exists the possibility of hypersensitivity reactions, 
especially in individuals with a history of sensitivity. 


© 1991 by Hoffmann-La Roche Inc. * In contaminated or potentially contaminatec Please see adjacent page for summary of product 
All rights reserved. procedures (e.g., vaginal or abdominal information, which includes a list of adverse reactions. 
hysterectomy), and for patients in whom 
infection at the operative site would present 
serious risk (e.g., Coronary artery bypass 
graft [CABG] surgery). 








et 


LOWER RESPIRATORY TRACT INFECTIONS caused by Step. pneumoniae, Sreplococous apê: 
i ih i | | | ia6 
poeta po auroa cg aia wel 


SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph, aureus, Staph. epidermidis, Strep» 
tococcus species (excludingestterococci), E. cloacae, Klebsiella species (including K. pneumo» 
niae), Proteus mirabilis and Pseudomonas aeruginosa. 

URINARY TRACT INFECTIONS ‘complicated and uncomplicated) caused by E. coli, Proteus mir- 
abilis, Proteus vulgaris, M. nmeganii and Klebsiella species (including K. pneumoniae). 


UNCOMPLICATED GONOFRHE 4 (cervical/urethral and rectal) caused by Neisseria gonor- 

rhoeae, including both penicilimase and nonpenicillinase producing strains, and pharyngeal gon- 

orrhea caused by nonpenici imase producing strains of Neisseria gonorrhoeae. 

PELVIC INFLAMMATORY DISEASE caused by N, gonorrhoeae. 

BACTERIAL SEPTICEMIA causedby Staph. aureus, Strep. pneumoniae, E. coli, H. influenzae and 
_K. pneumoniae. 

BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Streptococcus 
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species (excluding enterocccsi), E. coli, P. mirabilis, K. pneumoniae and Enterobacter species. 


INTRA-ABDOMINAL INFECWONS caused by E. coli and K. pneumoniae. 


MENINGITIS caused by H. i#fluenzae, N. meningitidis and Strep. pneumoniae. Ceftriaxone has 
also been used successfuly in a limited number of cases of meningitis and shunt infections 
caused by Staph. epidermia@ssard E. coli. 


SURGICAL PROPHYLAXIS: >reoperative administration of a single 1 gm dose may reduce inci- 
dence of postoperative infections in patients undergoing surgical procedures classified as con- 
taminated or potentially con=&aminated (e.g., vaginal or abdominal hysterectomy) and in those for 
whom infection at the operatiwe site presents serious risk (e.g., 
during coronary artery bypess surgery). 


Although ceftriaxone has been snown to have been as effective 
as cefazolin in the preventior c infection following coronary artery 
bypass surgery, no placeborcontrolied trials have been conduct- 
ed to evaluate any cephalosporin antibiotic in the prevention of 
infection following coronaryartery bypass surgery. When admin- 
istered before indicated surgical procedures, a single 1 gm dose 
provides protection from mestinfactions due to susceptible orga- 
nisms for duration of proceeure. 


SUSCEPTIBILITY TESTING. Before instituting treatment with 
Rocephin, appropriate speeimems should be obtained for isola- 
tion of the causative organiser and for determination of its suscep- 
tibility to the drug. Therapy may be instituted prior to obtaining 
results of susceptibility testma. 


CONTRAINDICATIONS: Rocepin is contraindicated in patients with 
known allergy to the cephaDspcrin class of antibiotics. 


WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, 
CAREFUL INQUIRY SHOULD 3E MADE TO DETERMINE WHETH- 
ER THE PATIENT HAS HAC PREVIOUS HYPERSENSITIVITY RE- 
ACTIONS TO CEPHALOS?OR'NS, PENICILLINS OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY 
TO DRUGS. SERIOUS ACLTE HYPERSENSITIVITY REACTIONS 
MAY REQUIRE THE USE @F SUBCUTANEOUS EPINEPHRINE 
AND OTHER EMERGENCY'MEFSURES. 


Pseudomembranous colitis, pored with nearly all antibacterial agents, including ceftriaxone, may 
range in severity from mild to ite-threatening. Therefore, consider this diagnosis in patients who present 
with diarrhea subsequent to sdmiristration of antibacterial agents. 


Treatment with antibacterial agents alters normal flora of the colon and may permit overgrowth 
of clostridia. Studies indicete a toxin produced by Clostridium difficile is one primary cause of 
“antibiotic-associated colits ` 


After establishing diagnoss of >seudomembranous colitis, initiate therapeutic measures. Mild 
cases of pseudomembraneus colitis usually respond to drug discontinuation alone. In moderate 
to severe Cases, consider menagement with fluids and electrolytes, protein supplementation and 
treatment with an oral antibacterial drug effective against C. difficile. 


PRECAUTIONS: GENERAL: although transient elevations of BUN and serum creatinine have been 
observed, at the recommerced dosages, the nephrotoxic potential of Rocephin is similar to that 
of other cephalosporins. 


Ceftriaxone is excreted vie'botr biliary and renal excretion (see Clinical Pharmacology). There- 
fore, patients with renal fa ure normally require no adjustment in dosage when usual doses of 
Rocephin are administerec, Sutconcentrations of drug in the serum should be monitored period- 
ically. If evidence of accursulation exists, dosage should be decreased accordingly. 


Dosage adjustments shoud not be necessary in patients with hepatic dysfunction; however, in 
Patients with both hepatic aysfunction and significant renal disease, Rocephin dosage should not 
exceed 2 gm daily withoutciose monitoring of serum concentrations. 


Alterations in prothrombin imes have occurred rarely in patients treated with Rocephin. Patients 
with impaired vitamin K syrthesis or iow vitamin K stores (e.g., chronic hepatic disease and mal- 
nutrition) may require monitering of prothrombin time during Rocephin treatment. Vitamin K ad- 
ministration (10 mg weekiw) may be necessary if the prothrombin time is prolonged before or 
during therapy. 


Prolonged use of Rocephirmay result in overgrowth of nonsusceptiblie organisms. Careful obser- 
vation of the patient is essentia. If superinfection occurs during therapy, appropriate measures 
should be taken. 


Rocephin should be presarived with caution in individuals with a history of gastrointestinal dis- 
ease, especially colitis. 


Rare cases reported of sonographic abnormalities seen inthe gallbladder; patients may also have 
symptoms of gallbladderxtsease. These abnormalities, variously described as sludge, pre- 
cipitations, echoes with shadows, may be misinterpreted as concretions. Chemical nature of son- 
ographically-detected mass"ial not determined. Condition appears to be transient and reversible 
upon discontinuation of Iccephin and conservative management. Therefore, discontinue 
Rocephin if signs and symptoms suggestive of gallbladder disease and/or the sonographic find- 
ings described above dewop 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis: Considering 
the maximum duration of teatment and the class of the compound, carcinogenicity studies with 
ceftriaxone in animals have mot been performed. The maximum duration of animal toxicity studies 
was six months. 


Mutagenesis: Genetic toxclogy tests included the Ames test, a micronucleus test and a test for 
chromosomal abderrationssim human lymphocytes cultured in vitro with ceftriaxone. Ceftriaxone 
showed no potential for mutagenic activity in these studies. 


Impairment of Fertility: Cefiriaxone producedno impairment of fertility when given intravenously to 
rats at daily doses up to 5@€ mg/kg/day, approximately 20 times the recommended clinica! dose 
of 2 gm/day. 

- PREGNANCY: Teratogenie Effects: Pregnancy Category B. Reproductive studies have been per- 
formed in mice and rats a dosas up to 20 times the usual human dose and have no evidence of 
embryotoxicity, fetotoxicit= cr teratogenicity. In primates, no embryotoxicity or teratogenicity was 
demonstrated at a dose proximately three times the human dose. 

There are, however, no adequate and well-controlled studies in pregnant women. Because animal 


reproductive studies are rmtalways predictive of human response, this drug should be used dur- 
ing pregnancy only if clem% needed. 


= ROCEPHIN® (ceftriaxone sodium/Roche) 


Once-a-day 


ceftriaxone sodium/Roche 
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Nonteratogenic Effects: In rats, in the Segment | (fertility and general reprod uction) and Se | en! 
(perinatal! and postnatal) studies with intravenously administered ceftriaxone, no adverse effec 
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PEDIATRIC USE: Satety and effectiveness of Rocephin in neonates, infants and children have 





been established for the dosages described in the Dosage and Administration section. In vitro 


studies have shown ceftriaxone, like some other cephalosporins, can displace bilirubin from ser- 
um albumin. Rocephin should not be administered to hyperbilirubiremic neonates, especially 
prematures. 


ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical trials, the following adverse 
reactions, which were considered to be related to Rocephin therapy or of uncertain etiology, were 
observed: 


LOCAL REACTIONS — pain, induration or tenderness at the site of injection (1%). Less frequently 
reported (less than 1%) was phiebitis after I.V. administration. 


HYPERSENSITIVITY —rash (1.7%). Less frequently reported (less than 1%) were pruritus, fever 
or chills. 


HEMATOLOGIC — eosinophilia (6%), thrombocytosis (5.1%) and leukopenia (2.1%). Less fre- 
quently reported (less than 1%) were anemia, neutropenia, lymphopenia, thrombocytopenia and 
prolongation of the prothrombin time. 


GASTROINTESTINAL — diarrhea (2.7%). Less frequently reported (less than 1%) were nausea 
or vomiting, and dysgeusia. Onset of pseudomembranous colitis symptoms may occur during or 
after antibiotic treatment (see WARNINGS). 


HEPATIC — elevations of SGOT (3.1%) or SGPT (3.3%). Less frequently reported (less than 1%) 
were elevations of alkaline phosphatase and bilirubin. 


RENAL — elevations of the BUN (1.2%). Less frequently reported (less than 1%) were elevations of 
creatinine and the presence of casts in the urine. 


CENTRAL NERVOUS SYSTEM —headache or dizziness were re- 
ported occasionally (less than 1%). 


GENITOURINARY — moniliasis or vaginitis were reported occa- 
sionally (less than 1%). 


MISCELLANEOUS —diaphoresis and flushing were reported oc- 
casionally (less than 1%). 


Other rarely observed adverse reactions (less than 0.1%) include 
leukocytosis, lymphocytosis, monocytosis, basophilia, adecrease 
in the prothrombin time, jaundice, gallbladder sludge, glycosuria, 
hematuria, anaphylaxis, bronchospasm, serum sickness, abdom- 
inal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis. 


DOSAGE AND ADMINISTRATION: Rocephin may be administered in- 
travenously or intramuscularly. The usual adult daily dose is 1 to 
2 gm given once a day (or in equally divided doses twice a 
day) depending on the type and severity of the infection. The total 
daily dose should not exceed 4 grams. 


For the treatment of serious miscellaneous infections in children. 
other than meningitis, the recommended total daily dose is 50 to 
75 mg/kg (not to exceed 2 grams), given in divided doses every 
12 hours. 


Generally, Rocephin therapy should be continued for at least two 
days after the signs and symptoms of infection have disappeared. 
The usual duration is 4 to 14 days; in complicated infections long- 
er therapy may be required. 

Inthe treatment of meningitis, a daily dose of 100 mg/kg (not to ex- 
ceed 4 grams), given in divided doses every 12 hours, should be administered with or without a 
loading dose of 75 mg/kg. 

For the treatment of uncomplicated gonococcal infections, a single intramuscular dose of 250 mg 
is recommended. 

For preoperative use (surgical prophylaxis), a single dose of 1 gm administered 1/2 to 2 hours be- 
fore surgery is recommended. 

When treating infections caused by Streptococcus pyogenes, therapy should be continued for at 
least ten days. 

No dosage adjustment is necessary for patients with impairment of renal or hepatic function; how- 
ever, blood levels should be monitored in patients with severe renal impairment (e.g., dialysis 
patients) and in patients with both renal and hepatic dysfunctions. 

HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied asa sterile crystalline powder in 
glass vials and piggyback bottles. The following packages are available: 

Vials containing 250 mg, 500 mg, 1 gm or 2 gm equivalent of ceftriaxone: piggyback bottles con- 
taining 1 gmor 2 gm equivalent of ceftriaxone; bulk pharmacy conta ners containing 10 gm equiv- 
alent of ceftriaxone (NOT FOR DIRECT ADMINISTRATION). 

Also supplied as a sterile crystalline powder as follows: 

ADD-Vantage Vials** containing 1 gm or 2 gm equivalent of ceftriexone. 

Also supplied premixed as a frozen iso-osmotic, sterile, nonpyrogenic solution of ceftriaxone so- 
dium in 50 mL single dose plastic containers,’ as follows: 

1 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.9 gm dextrose hydrous, USP 
added. 

2 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.2 gm dextrose hydrous, USP 
added. 

NOTE: Rocephin in the frozen state should not be stored above -20°C. 

"Registered trademark of Abbott Laboratories, Inc. 

‘Manufactured for Roche Laboratories, a division of Hoffmann-La Roche Inc., by Travenol Labo- 
ratories, Inc., Deerfield, Illinois 60015. 
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Only Vivonex T.E.N. delivers both 
nitrogen and glutamine in a totally 
absorbable form requiring no digestion. 
For early postop nutrition, there s no 
more absorbing performance in 

a supporting role. 


VIVONE)L 
TEN 


TOTAL ENTERAL NUTRITION 


NITROGEN AND GLUTAMINE IN THEIR MOST ABSORBABLE FORM. 






















































































EDITORIAL BOARD 


Editor 
Claude H. Organ, Jr, MD 
Archives ef Surgery 
University of Caliornia-Davis, East Bay 
1411 E 31st St 
Oakland, CA 94602 
Assocate Editor 
Patrick L. Twomey, MD 
Martinez, Calif 
Consuking Editors 
Arthur E. Baue, MD 
St Louis. Mo 
F. Willian Blaisdell, MD 
Sacramento, Calif 
Thomas Hunt, MD 
San Franeisco, Calif 
Victor Richards, MD 
San Franeisco, Calif 
Consultant im Surgical History 
Ira M. Rutkow, MD, MPH, DrPH 
Freehold, NJ 
Editorml Assistant 
M. Kosiba 
Oakiand, Calif 


———— ar Sa TT a 
L. Ascher, MD PhD, San Francisco, Calif 
es M. Balch, MB, Houston, Tex 
. Barker, MD, Philadelphia, Pa 
Jr, MD, Scottsdale, Ariz 
4 , MD, Boston, Mass 
E. Deveney, M2, Portland, Ore 
B. Ernst, MD, Detroit, Mich 
. Gann, MD Baltimore, Md 
. Greenfield, MD, Ann Arbor, Mich 
. Harken, MB, Denver, Colo 
. Hermann, MD, Cleveland, Ohio 
Ignatius, MID, San Francisco, Calif 
L. Kaminski, MD, St Louis, Mo 
aSalle D. Leffall, jr, WD. Washington, DC 
id L. Nahrwold, MD, Chicago, III 
Basil A. Pruitt, Jr, MB, Sen Antonio, Tex 


i 


if 
i 


: 


if 


p 


E 


at 


John L. Sa , MD Nashville, Tenn 
Bruce E. le, MD San Diego, Calif 
Norman W. MD, Ann Arbor, Mich 


Donald D. Trunkey, MD, Portland, Ore 
Andrew L. Warshaw, MD, Boston, Mass 


Official Publication 3f the New England Surgi- 
cal Society, Pacific Ccast Surgical Association, 
Society of Surgical Oncology, Surgical Infec- 
tion Society, Weste-n Surgical Association 
Copyrigint ©1992 by the 

American Medical Association 
SUBSCRIPTION RATES — The subscription rates 
for the ARCHIVES CF SURGERY are as follows: 
$80 for 1 year, $145 for 2 years in the United 
States and US possessions; all other countries, 
1 year, $95; 2 years $175 for surface delivery. 
For expedited air delivery to most countries, 
add $20 surcharge for 1-year subscription, $40 
for 2 years. (Rates far subscriptions for delivery 
to Japan or South Korea are available through 
exclusive agents—contact the publisher.) Spe- 
cial rates for residents and medi ts in the 
United States and LS ions are available. 
Address inquiries te the American Medical As- 
sociation, Publishing Operations Division, 515 
N State St, Chicago, IL 60610. Phone: (312) 
670-SUBS (670-7827 . 
The ARCHIVES OF SURGERY (ISSN 0004-0010) is 
published monthly by the American Medical 
Association, 515 N State St, Chicago, IL 60610, 
and is an official publication of the Association. 
Second-class postagespaid at Chicago, IL 60610, 
and at additional mailing office. 
CHANGE OF ADDRESS—POSTMASTER, send 
all address changes to ARCHIVES OF SUR- 
GERY, Attention: Subscription Department, 
515 N State St, Chicago, IL 60610. Notification of 
address change must be made at least 6 weeks 
in advance. Incluce both old and new ad- 
dresses, a recent mailing label, and your new 
ZIP code. 
GST registration number: R 126 225 556 


Arch Surg—Vol 127, February 1992 


~ ARCHIVES 


OF 





Vol 127 


No. 2 FEBRUARY 1992 


COMMENTARY 


Laparoscopic Hernia Repair: A Point of View 
Lloyd M. Nyhus, MD 


137 


PAPERS PRESENTED AT THE 11TH ANNUAL MEETING 
OF THE SURGICAL INFECTION SOCIETY, 
FORT LAUDERDALE, FLA 


Monoclonal Antibody to Tumor Necrosis Factor œ Attenuates 
Cardiopulmonary Dysfunction in Porcine 

Gram-negative Sepsis 

Ciaran J. Walsh, FRCSI; Harvey J. Sugerman, MD; 

Patrick G. Mullen, FRCSI; P. Declan Carey, FRCSI; 

Sandra K. Leeper-Woodford, PhD; Gary J. Jesmok, PhD; 

Earl F. Ellis, PhD; Alpha A. Fowler, MD 

è Anti-TNFa MoAb offered significant protection against the effects of Pseudomonas; 


other mediators may be responsible for the early changes. 
Clinical Relevance Statement: Josef E. Fischer, MD 


138 


Interleukin 1 and Its Relationship to Endotoxin Tolerance 146 
Pablo León, MD; H. Paul Redmond, FRCSI; 
Jian Shou, MD; John M. Daly, MD 
è |L-1-pretreated mice were protected from endotoxin despite elevated peak tumor 
necrosis factor levels, suggesting a different mechanism from endotoxin tolerance. 





Modulation of Macrophage Hyperactivity Improves Survival J" 
in a Burn-Sepsis Model ZN Sy 
Micheal G. O’Riordain, MB, BCh, FRCSI; Kathryn H. Collins; Michael. Pilz? . 
Inna B. Saporoschetz; John A. Mannick, MD; Mary L. Rodrick, PhD = | So ie 
è Control of macrophage hyperactivity is associated with improved survival from | 


subsequent sepsis and offers a potential new strategy for the treatment of immune 
dysfunction in thermally injured patients. 





Candida Infection With and Without Nystatin Prophylaxis: 
An 11-Year Experience With Patients With Burn Injury 
Manu H. Desai, MD; Randi L. Rutan, RN, BSN; 

John P. Heggers, PhD; David N. Herndon, MD 


@ The incidence of Candida wound infection has been significantly reduced and systemic 
candidiasis eradicated, eliminating the need for toxic systemic antifungal agents. 
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Selective Gut Decontamination Reduces Nosocomial Infections 
and Length of Stay but Not Mortality or Organ Failure in 
Surgical Intensive Care Unit Patients 

Frank B. Cerra, MD; Mike A. Maddaus, MD; David L. Dunn, MD, PhD; 
Carol L. Wells, PhD; Nancy N. Konstantinides, RN, MS; 

Sharon L. Lehmann, RN, MS; Henry J. Mann, PharmD 


è Selective gut decontamination using norfloxacin plus nystatin effectively decreases the 
incidence of nosocomial infections and reduces length of hospital stays. 


Evidence That Tumor Necrosis Factor Participates in the 
Regulation of Muscle Proteolysis During Sepsis 

Oded Zamir, MD; Per-Olof Hasselgren, MD, PhD; Steven L. Kunkel, PhD; 
Janice Frederick, MD; Takashi Higashiguchi, MD; Josef E. Fischer, MD 

@ Results suggest TNF is involved in regulation of sepsis-induced muscle proteolysis. 


Liver Injury Is a Reversible Neutrophil-Mediated Event 
Following Gut Ischemia 

Renato S. Poggetti, MD; Frederick A. Moore, MD; 

Ernest E. Moore, MD; Denis D. Bensard, MD; 

Benjamin O. Anderson, MD; Anirban Banerjee, PhD 


@ Intestinal ischemia/reperfusion produces simultaneous liver and lung injury; injury was 
present at 6 hours, was reversed at 18 hours, and was neutrophil mediated. 


Effect of Combined Cortiso!-Endotoxin Administration on 
Peripheral Blood Leukocyte Counts and Phenotype 

in Normal Humans 

Steve E. Calvano, PhD; Annabel E. Barber, MD; Arthur S. Hawes, MD; 
Herbert F. de Riesthal; Susette M. Coyle, RN; Stephen F. Lowry, MD 


è Lipopolysaccharide-induced hypereertisolemia plays a role in immunomodulation 
during endotoxemia. 


Does Endotoxin Tolerance Prevent the Release of 
Inflammatory Monokines (Interleukin 1, Interleukin 6, 
or Tumor Necrosis Factor) During Sepsis? 

Alfred Ayala, PhD; John M. Kisala, MD; Julie A. Felt, MD; 
Michelle M. Perrin; Irshad H. Chaudry, PhD 


e Macrophages from septic, endotoxin-tolerant mice release monokines similar to those 
from normal mice. 


Abnormal In Vitro Immunoglobulin Synthesis in 
Surgical Patients 

Remi P. Schneider, MD; Nicolas V. Christou, MD, PhD; 
Carl Nohr, MD, PhD 


è For IgM, mitogen stimulation increased synthesis to a level lower than normal in all 
patients; for IgA, synthesis was increased in all groups. 


A National Survey of Surgeons’ Attitudes About Patients With 
Human Immunodeficiency Virus Infections and Acquired 
Immunodeficiency Syndrome 

Gene Ann Shelley, PhD, Richard J. Howard, MD, PhD 


è The respondents felt others were “making the rules” for them while they were 
“taking the risks.” 


Double Gloving: Protecting Surgeons From Blood 
Contamination in the Operating Room 

Edward J. Quebbeman, MD, PhD; Gordon L. Telford, MD; 
Karen Wadsworth, RN; Susan Hubbard, RN, BSN, CNOR; 
Hannah Goodman, MS; Mark S. Gottlieb, PhD 


è Surgeons wearing single gloves were seven times more likely to be exposed to blood. 
Invited Commentary: Hastings K. Wright, MD 
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March 27-29, 1992 — San Diego 


The Osler Institute 
Surgery Boards Review Course 


May 29-31, 1992 — Indianapolis 


September 6-13 and 11-13, 1992 — Philadelphia 
Now, your course for written and oral boards offers unlimited mock exams 


OBJECTIVES 


® Increase knowledge of surgical principles and practice 
® Prepare candidates to take written and oral board exams 
® Provide a comprehensive review for recertification 


METHGDS 


® HOMESTUDY questions, assignments and answers 
© SEMINAR with slides and syllabus (Part I course only) 
© PRACMICE EXAMS for your oral boards 


"The faculty was outstanding. The most pleasant thing was learning a tremendox: amount, 
not only from world-famous authorities, but from people who are relatively unknowras well, "* 


Part II Courses: 
March 27-29 — San Diego 
San Diego Princess 
May 29-31 — Indianapolis 
Airport Hilton Hotel 
Sept. 11-13 — Philadelphia 
November 6-8 — Cleveland 
The Part II Course is designed 
to prepare board candidates for 
oral exams. The course will 
consist of mock oral exams, 
each based on a presenting 
problem leading to questions on 
differential diagnosis, treatment 
options and complications. 
Faculty will critique each exam 
and answer questions. 
Each participant will have an 
exam and critique session and 
unlimited observation of other 
sessions. Additional 25-minute 
sessions may be arranged for 
$70, and private sessions may 
be arranged for $100. 


Part II Topics 


Alimentary Tract 
Liver and Gallbladder 
Abdomen and Hernia 
Pancreas and Spleen 
Breast and Skin 
Endocrine Surgery 
Head and Neck 
Thorax and Trauma 
Vascular Surgery 
Critical Care 


March 27-29 — San Diego 
Harry Applebaum, M.D. 
Univ. of Southern California 
Richard Davies, M.D. 

Univ. of California, San Diego 
Ron Feinstein, M.D. 

Univ. of Calif., Los Angeles 
Paul Glatleider, M.D. 

Cedars Sinai Medical Center 
Robert Hye, M.D. 

Univ. of California, San Diego 
Janet Ihde, M.D. 

Loma Linda University 
Stuart Jamison, M.D. 

Univ. of California, San Diego 
Marvin Kaplan, M.D. 

Univ. of Calif., Los Angeles 


Thomas Robins, M.D. 
Univ. of California, San Diego 


May 29-31 — Indianapolis 
Gerardo Gomez, M.D. 
Indiana University 

Daniel Kenady, M.D. 
University of Kentucky 
Stephen Lalka, M.D. 
Indiana University 

Mary Mancini, M.D. 
Louisiana State University 
Bryce Munger, M.D. 
Penn State University 
Henry Olivier, M.D. 
Indiana University 

Ken Rundell, M.D. 
Wright State University 


Karen West, M.D. 
Indiana University 


Part I Courses: 
Sept. 6-13 — Philadelphia 
October 14-20 — Chicago 


Basic Surgery 
Anatomy and Paysiology 
Anesthesiology 

Shock, Fluids a24 Lytes 
Bleeding and Tzansfusion 
Nutritional Supp ort 
Surgical Oncolegy 
Transplantation 
Infection and Sepsis 

Pre- and Post-op Care 
Surgical Critica Care 


General Surgery 
Alimentary Tract 
Liver and Gallbiedder 
Abdomen and Hernia 
Pancreas and Spleen 
Retroperitoneum 
Breast and Skin 
Endocrine Surgery 
Head and Neck 
Trauma and Burrs 


Special Surgery 
Thoracic Surgery 
Cardiac Surgery 
Vascular Surgery 
Orthopedic Surgery 
Pediatric Surgery 
Urologic Surgery 
Gynecologic Suggery 
Neurosurgery 
Ophthalmology 
Plastic Surgery 


Limited Enrollment; SURGERY BOARDS REVIEW REGISTRATION 


Name 
Address 
City/State/Zip 


: Phone 


Mail today to: 


1094 East Dawn Drive, Dept. 202 


P.O. Box 2218 
Terre Haute, IN 47802 


—e_e_—————— 








For: O Part I Course: 


C Part II Course: 


date 





city 


C] Check is enclosed for $ 
C] Please send FREE SAMPLE 


"remarkably complete and pleasant....'* 


COURSES: The Part I course (consisting of 
lectures and evening mock oral exams) is given 
a month before and the week before written 
and recertification exams. The Part II course 
(mock oral exams) is given for three days 
before and in the same city as each oral exam. 
Each participant is guaranteed a one-on-one 
public mock oral and can purchase additional 
public or private exams. Past participants rec- 
ommend repeating our courses, for half price, 
immediately before your exam. 


"Accommodations were comfortable... "* 


LOCATION: San Diego — The San Diego 
Princess Resort, $112 single, $155 double; 
Indianapolis — The Airport Hilton Hotel, $92 
single, $117 double. 


"and those little extras...."* 


DISCOUNT AIR FARES: Please call toll- 
free (800) 548-8185 for group discount rates. 


"the most education for the money.""* 


FEES AND CATEGORY 1 HOURS: 
Surgeon or Resident: 

© Part I course (7 days): $810 
repeating within 2 years: 

© Part II course (3 days): 
repeating within 2 years: 

© Extra mock oral exam: $ 70 

© Private mock oral exam: $100 $100 

® Add 10% within 10 days of the course. 

® Attendees not in course hotel add $20/day. 

® Deposit of $50 will reserve your position. 

® Subject to a $50 fee, refunds will be made 
until the seminar begins. 

® Cancellation after mailing home study ma- 
terial requires retention of half the fee. 


"home study material was extremely helpful.'"* 
ACCREDITATION: Jointly sponsored by 
Penn State’s College of Medicine at The Milton S. 
Hershey Medical Center. Penn State is accredited 
by the Accreditation Council for Continuing Med- 
ical Education (ACCME) to sponsor continuing 
medical education for physicians. 
CREDIT: Penn State designates this continuing 
medical education activity for up to 65 credit 
hours in Category 1 of the Physician’s Recogni- 
tion Award of the American Medical Association. 
"I feel [the course] helped me pass..."* 
INFORMATION: 

1094 East Dawn Drive, Terre Haute, IN 47802 


(800) 356-7537 or (812) 299-5658 
*Comments by Osler participants 
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(cefotaxime sodium)“ 


INDICATIONS AND USAGE 


Treatment 
Claforan is indicated for the treatment of patients with serious infections caused by susceptible strains of the 
designated microorganisms in the diseases listed below. 
(1) Lower respiratory tract infections, including pneumonia, caused by Streptococcus pneumoniae (for- 
merly Diplococcus pneumoniae), Streptococcus pyogenes’ (Group A streptococci) and other streptococci 
(excluding enterococci, e.g., Streptococcus faecalis), Staphylococcus aureus (penicillinase and non-penicilli- 
nase producing), Escherichia coli, Klebsiella spacies, Haemophilus influenzae (including ampicillin-resistant 
strains), Haemophilus Henke Proteus mirabilis, Serratia marcescens,‘ Enterobacter species, indole- 
positive Proteus, and Pseudomonas species (including P. aeruginosa). 
(2) Genitourinary infections. Urinary tract infections caused by Enterococcus species, Staphylococcus 
epidermidis, Staphylococcus aureus’ (penicillinase and non-penicillinase producing), Citrobacter species, 
nterobacter species, Escherichia coli, Klebsiella species, Proteus mirabilis, Proteus vulgaris,’ Proteus 
inconstans Group B, Morganella morganii, Providencia rettgeri,' Serratia marcescens, and Pseudomonas 
Species (including P. aeruginosa). Also, uncomplicated gonorrhea of single or multiple sites caused by 
Neisseria gonorrhoeae, including penicillinase producing strains. 
(3) Gynecologic infections, including pelvic inflammatory disease, endometritis and pelvic cellulitis 
caused by Staphylococcus epidermidis, Streptococcus species, Enterococcus Species, Enterobacier species, 
Klebsiella species,' Escherichia coli, Proteus mirabilis, Bacteroides species (including Bacteroides fragilis"), 
Clostridium species, anaerobic cocci (including Peptostreptococcus species and Peptococcus aie and 
Fusobacterium species (including F. nucleatum’). 
(4) Bacteremia/Septicemia caused by Escherichia coli. Klebsiella species, Serratia marcescens, 
Staphylococcus aureus, and Streptococcus species (including S. pneumoniae). 
(5) Skin and skin structure infections caused by Staphylococcus aureus (penicillinase and non-penicil- 
linase producing), Staphylococcus epidermidis, Streptococcus pyogenes (Group A streptococci) and other 
streptococci, Enterococcus species, Acinetobacter species,’ Escherichia coli, Citrobacter species (including 
C. freundii’), Enterobacter species, Klebsiella species, Proteus mirabilis, Proteus vulgaris, Morganella mor- 
ganii, Providencia rettgeri,t Pseudomonas species, Serratia marcescens, Bacteroides species, and anaerobic 
cocci (including Peptostreptococcus' species and Peptococcus species). 
(6) Intra-abdominal infections, including peritonitis caused by Streptococcus species,’ Escherichia coli. 
Klebsiella species, Bacteroides species, anaerobic cocci (including Peptostreptococcus' species and 
Peptococcus' species), Proteus mirabilis,’ and Clostridium species.' 
(7) Bone and/or joint infections caused by Staphylococcus aureus (penicillinase and non-penicillinase 
producing strains), Streptococcus species (i ncluding S. pyogenes"), Pseudomonas species (including P. 
aeruginosa’), and Proteus mirabilis.‘ 
(8) Central nervous system infections, e.g., Meningitis and ventriculitis, caused by Neisseria meningi- 
tidis, Haemophilus influenzae, Streptococcus pneumoniae, Klebsiella pneumoniae,' and Escherichia coli 
‘Efficacy for this organism, in this organ system, has been studied in fewer than 10 infections. 

Although many strains of enterococci (e.g., S. faecalis) and Pseudomonas species are resistant to cefo- 
taxime sodium in vitro, Claforan has been used Successfully in treating patients with infections caused by 
Susceptible organisms. 

Specimens for bacteriologic culture should be obtained prior to therapy in order to isolate and identity 
causative organisms and to determine their susceptibilities to Claforan. herapy may be instituted before re- 
Sults of susceptibility studies are known; however, once these results become available, the antibiotic treat- 
ment should be adjusted accordingly. 

In certain cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
Serious infections in which the causative organism has not been identified, Claforan may be used concomi- 
tantly with an aminoglycoside. The dosage recommended in the labeling of both antibiotics may be given and 
depends on the severity of the infection and the patient's condition. Renal function should be carefully moni- 
tored, especially if higher dosages of the aminoglycosides are to be administered or if tol | is prolonged, 
because of the potential nephrotoxicity and ototoxicity of aminoglycoside antibiotics. Some B-lactam antibi- 
Otics also have a certain degree of nephrotoxicity. Although, to date, this has not been noted when Claforan 
was given alone, it is possible that nephrotoxicity may be potentiated if Claforan is used concomitantly with 
an aminoglycoside. 

Prevention 

The administration of Claforan preoperatively reduces the incidence of certain infections in patients undergo- 
ing surgical procedures (eg. abdominal or vaginal hysterectomy, gastrointestinal and genitourinary tract 

ih a, that may be classified as contaminated or potentially contaminated. 

In patients undergoing cesarean section, intraoperative (after clamping the umbilical cord) and postopera- 
tive use of Claforan may also reduce the incidence of certain postoperative infections. (See DOSAGE AND 
ADMINISTRATION section.) 

Effective use for elective surgery depends on the time of administration. To achieve effective tissue levels, 
Claforan should be given 1⁄2 to 11/2 hours before surgery. (See DOSAGE AND ADMINISTRATION sec- 
tion.) 

For patients undergoing gastrointestinal surgery, preoperative bowel preparation by mechanical cleansing 
as well as with a non-absorbable antibiotic (e.g., neomycin) is recommended. 

If there are signs of infection, specimens for culture should be obtained for identification of the causative 
organism so that vase therapy may be instituted. 

CONTRAINDICATIONS 

Claforan is contraindicated in patients who have shown hypersensitivity to cefotaxime sodium or the 
cephalosporin group of antibiotics. 

WARNINGS 


BEFORE THERAPY WITH CLAFORAN IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DETER- 
MINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOTAXIME 
SODIUM, CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN 
WITH CAUTION TO PATIENTS WITH TYPE | HYPERSENSITIVITY REACTIONS TO PENICILLIN. ANTIBIOTICS 
SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM 
OF ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC REACTION TO CLAFORAN OCCURS, DISCON- 
TINUE TREATMENT WITH THE DRUG. SERIOUS HYPERSENSITIVITY REACTIONS MAY REQUIRE 
EPINEPHRINE AND OTHER EMERGENCY MEASURES. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other 
broad spectrum antibiotics); therefore, it is important to consider its diagnosis in patients 
who develop diarrhea in association with antibiotic use. 

Treatment with broad spectrum antibiotics alters normal flora of the colon and may permit overgrowth of 
clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary Cause of antibiotic-asso- 
Ciated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. 

Moderate to severe cases should be managed with fluid, electrolyte, and protein supplementation as indi- 
cated. 

When the colitis is not relieved by drug discontinuance or when it is severe, oral vancomycin is the treat- 
ment of choice for antibiotic-associated pseudomembranous colitis produced by C. difficile. Other causes of 
colitis should also be considered. 

PRECAUTIONS l l 
Claforan should be prescribed with caution in individuals with a history of gastrointestinal disease, particu- 
larly colitis. 

Gison has not been shown to be nephrotoxic; however, because high and prolonged serum antibiotic 


concentrations can occur from usual doses in patients with transient or persistent reduction of urinary Output 
because of reral insufficiency, the total daily dosage should be reduced when Claforan is administered to 
such patients Continued dosage should be determined by degree of renal impairment, severity of infection, 
and suscepti ity of the causative organism 

Although ‘here is no Clinical evidence Supporting the necessity of changing the dosage of cefotaxime 
sodium in patients with even profound renal dystunction, it is suggested that, until further data are obtained, 
the dose of cefotaxime sodium be halved in patients with estimated creatinine clearances of less than 20 
mL/min/1.73 1m’, 
_ When onbeserum creatinine is available, the following formula (based on sex, weight, and age of the pa- 
tient) may beused to convert this value into creatinine Clearance. The serum creatinine should represent a 
Steady state ol senal function. 


Males: Weight (kg) x (140 — age) 
72 x serum creatinine 
Females: 0.85 x above value 


As with otf antibiotics, prolonged use of Claforan may result in overgrowth of nonsusceptible organisms. 
Repeated evaluation of the patient's condition is essential. If Superinfection occurs during therapy, appropriate 
measures shoud be taken. 

As with ott: beta-lactam antibiotics, granulocytopenia and, more rarely, agranulocytosis may develop 
during treatment with Claforan, particularly if given over long periods. For courses of treatment lasting longer 
than 10 days_tood counts should therefore be monitored. 

Drug Interactions: Increased nephrotoxicity has been reported following concomitant administration of 
cephalosporin=and aminoglycoside antibiotics. 

Carcinogenesis, Mutagenesis: Long-term studies in animals have not been performed to evaluate car- 
cinogenic potential. Mutagenic tests included a micronucleus and an Ames test. Both tests were negative for 
mutagenic effects. 

Pregnancy (Category B): Reproduction studies have been performed in mice and rats at doses up to 30 
times the usual Numan dose and have revealed no evidence of impaired fertility or harm to the fetus because 
of cefotaxime swdium. However, there are no well-controlled studies in pregnant women. Because animal re- 
productive states are not always predictive of human response, this drug should be used during pregnancy 
only if clearly meeded. 

Nonteratogeric Effects: Use of the drug in women of childbearing potential requires that the anticipated 
benefit be weighed against the possible risks. 

In perinatatand postnatal studies with rats. the pups in the group given 1200 mg/kg of Claforan were sig- 
nificantly tighte: in weight at birth and remained smaller than pups in the control group during the 21 days of 
nursing. 

Nursing Mothers: Claforan is excreted in human milk in low concentrations. Caution should be exercised 

when Claforamas administered to a nursing woman. 

Pediatric Use The potential for toxic effects in children from chemicals that may leach from the plastic in 

single dose V aʻiex* Plus containers (premixed Claforan Injection) has not been determined. 

ADVERSE REACTIONS 

Claforan is panei well tolerated. The most common adverse reactions have been local reactions following 

IM or IV injecticn. Other adverse reactions have been encountered infrequently. 

The most frequent adverse reactions (greater than 1%) are: 

‘eee (4.3%) — Injection site inflammation with IV administration. Pain, induration, and tenderness after 
injection. 

Hypersensitivity ran ~ Rash, pruritus, fever, and eosinophilia. 

Gastrointestinal (1.4%) - Colitis, diarrhea, nausea, and vomiting. 

Symptoms of p=sudomembranous colitis can appear during or after antibiotic treatment. 

Nausea anc.wemiting have been reported rarely. 

Less frequent anverse reactions (less than 1%) are: 

Hematologic System - Neutropenia, transient leukopenia, eosinophilia, ee and agran- 
ulocytosis have deen reported. Some individuals have developed positive direct Coombs Tests during treat- 
ment with Claman and other cephalosporin antibiotics. Rare cases of hemolytic anemia have been reported 

Genitourigary System - Moniliasis, vaginitis. 

Central Nervous System — Headache. 

Liver- Tran=ent elevations in SGOT, SGPT. serum LDH, and serum alkaline phosphatase levels have 
been reported. 

Kidney- As with some other cephalosporins, transient elevations of BUN have been occasionally ob- 
served with Clafaran. 

DOSAGE AND ADMINISTRATION 

Adults 

Dosage and rote of administration should be determined by susceptibility of the causative organisms, sever- 
ity of the infecticn, and the condition of the patient (see table for dosage guidelines). Claforan may be admin- 
istered IM or WW after reconstitution. Premixed Claforan Injection is intended for IV administration after thaw- 

ing. The maximum daily dosage should not exceed 12 grams. 


GUIDELINES FOR DOSAGE OF CLAFORAN 


Daily 
Dose 
Type of infection (grams) Frequency and Route 
Gonorrhea 1 1 gram IM (single dose) 
Uncomplicatec i sfections 2 1 gram every 12 hours IM or IV 
Moderate to severe infections 3-6 1-2 grams every 8 hours IM or IV 


Infections commanly needing 

antibiotics.im higher dosage 

(e.g., septicemia) 6-8 2 grams every 6-8 hours IV 
Life-threatening infections up to 12 2 grams every 4 hours IV 


To prevent postaperative infection in contaminated or potentially contaminated surgery, the recommended 
dose is a single ~ gram IM or IV administered 30 to 90 minutes prior to start of surgery. 

Cesarean Section Patients 

The first dose ct | gram is administered intravenously as soon as the umbilical cord is clamped. The second 
and third doses=ould be given as 1 gram intravenously or intramuscularly at 6 and 12 hours after the first 
dose. 

Neonates, Intants, and Children 

The following casage schedule is recommended: 


Neonates (birth t» 1 month): 
0-1 weex of age 90 mg/kg IV q12h 
1-4 weexs of age 50 mg/kg IV q8h 


It is not necessary to differentiate between premature and normal-gestational-age infants. 

Infants and Children (1 month to 12 years): For body weights less than 50 kg, the recommended daily dose is 
50 to 180 mg/kg of body weight IM or IV divided into four to six equal doses. The higher dosages should be 
used for more severe or serious infections, including meningitis. For body weights 50 kg or more, the usual 
adult dosage should be used; the maximum dail dosage should not exceed 12 grams. 

eae Remal Function - see PRECAUTIONS section. 

NOTE: As with amibiotic therapy in general, administration of Claforan should be continued for a minimum of 
48 to 72 hours-afer the patient defervesces or after evidence of bacterial eradication has been obtained: a 
minimum of 10days of treatment is recommended for infections caused by Group A beta-hemolytic strepto- 
cocci in order te wuard against the risk of rheumatic fever or glomerulonephritis; frequent bacteriologic and 
Clinical appraisal is necessary pal therapy of chronic urinary tract infection and may be required for several 
months after therapy has been completed; persistent infections may require treatment of several weeks and 
doses smaller t27 those indicated above should not be used. 


*US Patent 4,152,432 Claforan REG TM ROUSSEL-UCLAF 71789T 

Viaflex and PL 145 REG TM Baxter International Inc. Revised 5/91 
P 

Hoechst-Roussel Pharmaceuticals Inc. Hoechst 

Somerville, New Jersey 08876-1258 

The name and loge1OECHST are registered trademarks of Hoechst AG. Q74546-1091 





“We must make sure that policies are based on facts, not fears. 


Dr. Paul Volberding, Researcher, University of California, San Francisco, Member, American Medical Association 


Amid the rancor of politics and budget debates, 
the needs of the patient are often overlooked. And, it 
is forgotten that it is physicians who know the most 
about disease and the suffering of patients. 

Nowhere is this more true than with AIDS. 

“Throughout the history of epidemics, there has 
been the possibility of reactions and policy based on 
fear and stigma,” states Dr. Volberding. 

The American Medical Association (AMA) 
agrees. The AMA is committed to fair AIDS policies, 
and to supporting researchers battling not just AIDS, 
but the countless diseases that ravage our society. 


“What impresses me most about the AMA is its 
willingness to take public policy positions and its abil- 
ity to influence opinion,” Dr. Volberding adds. 

The AMA supports his work and is proud that he 
is an AMA member. If you want to join him, call 
1-800-AMA-3211 today. 


American Medical Association 


Physicians dedicated to the health of America 
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TORADOL® IM (ketorolac tromethamine) is a product of Syntex Laboratories, Inc. 













NARCOTIC 
TRENGTH 

WITHOUT THE | 
COMPLICATIONS 


The first injectable analgesic NSAID— 
for the short-term management of pain 


As powerful and as fast as, but longer acting than meperidine 
100 mg IM and morphine 12 mg IM 





+ 


Start recovery without narcotic 
side effects * 


No respiratory depression,’ no hypotension? 
Less nausea and vomiting, fewer CNS effects? 


Nonsedating as compared with placebo in ambulatory patients* 


IM 


Nonopiate, nonaddictive, nonscheduled 
INJECTION 


ORADO 15,30,60 MG 


ketorolac tromethamine 


*As with other nonsteroidal drugs, the most frequently reported side effects are gastrointestinal, with some 
Gl symptoms reported by 3% to 9% of patients in clinical trials. See “Warnings,” “Precautions” and “Adverse 
Reactions” sections of product information. 





References: 1. Brandon Bravo LIC, et al. The effects on ventilation of ketorolac in comparison with morphine. Eur J Clin 
Pharmacol. 1988;35:491-494. 2. Camu F et al. Hemodynamic effects of ketorolac tromethamine in comparison to morphine in 
anesthetised patients. In: 9th World Congress of Anaesthesiologists, Abstracts Volume |: Scientific Papers A000! to AO5S06; 
May 22-28, 1988; USA. Abstract AOI6Z 3. Data on file, Syntex Laboratories, Inc. (ICM studies: 994, 1060, 1234, 1254, 
1302). [TORADOL 30 mg IM (N=509), morphine 10 mg/12 mg IM (N=151} multidose studies; TORADOL 30 mg IM (N=103), 
meperidine 100 mg IM (N=102) single-dose studies. Nausea: TORADOL 8%, morphine 21%/TORADOL 3%, meperidine 20%; 
Vomiting: TORADOL 5%, morphine 9%/TORADOL 1%, meperidine 12%; Somnolence: TORADOL 14%, morphine 34%/ 
TORADOL 6%, meperidine 14%; CNS Effects: TORADOL 23%, morphine 44%/TORADOL 21%, meperidine 30%.] 4. Data on 
file, Syntex Laboratories, Inc. (ICM study: 1324). 


Please see summary of product information on following page. PI. 1289 1786-8000-011-021 
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I URADUL® IM (ketorolac tromethamine) 
Brief Summary | 
TORADOL is a nonsteroidal anti-inflammatory drug (NSAID). TORADOL 15 mg/mL solution contains 10% (w/v) alcohol, USP, 
and 6.68 mg sodium chloride in sterile water. The 30 mg/mL solution contains 10% (w/v) alcohol, USP. and 4.35 mg sodium 
chloride in sterile water. The pH is adjusted with sodium hydroxide or hydrochloric acid. Indications and Usage: Indicated 
for the short-term management of pain. Not recommended for use as an obstetrical preoperative medication or for obstetrical 
analgesia because it has not been adequately studied and because of the known effects of NSAIDs onuterine contraction and 
fetal circulation. Not recommended for routine use with other NSAIDs because of the potential for additive side effects. 
TORADOL protein-binding is affected by aspirin but not by acetaminophen, ibuprofen, naproxen or piroxicam. Studies with 
other NSAIDs have not been done. Has been used concomitantly with morphine and meperidine without adverse interactions. 
Contraindications: Do not use in patients with hypersensitivity to ketorolac or with the complete or partial syndrome of 
nasal polyps, angioedema, and bronchospastic reactivity to aspirin or other NSAIDs. Warnings: Although TORADOL 
Injection is recommended for short-term use only, long-term administration of oral ketorolac has shown that this drug shares 
the risks of other NSAIDs when taken chronically. Serious GI toxicity, such as bleeding, ulceration, and perforation, can occur at 
any time, with or without warning symptoms, in patients treated chronically with NSAIDs. Remain alert for ulceration and 
bleeding in such patients, even in the absence of previous GI tract symptoms. In clinical trials, symptomatic upper GI ulcers, 
gross bleeding or perforation appear to occur in approximately 1% of patients treated for 3-6 months, and in about 2-4% of 
patients treated for | year. Inform patients about the Signs and/or symptoms of serious Gl toxicity and what steps to take if they 
occur. Studies have not identified any subset of patients not at risk of developing peptic ulceration and bleeding. Except for a 
prior history of serious GI events, and other risk factors known to be associated with peptic ulcer disease, such as alcoholism, 
smoking, etc., no risk factors (e.g., age, sex) have been associated with increased risk. Elderly or debilitated patients seem to 
tolerate ulceration or bleeding less well than others and most Spontaneous reports of fatal GI events are in this population. 
High doses of an NSAID probably carry a greater risk of these reactions. In considering the use of relatively large doses (within 
the recommended dosage range), sufficient benefit should be anticipated to offset the potential increased risk of GI toxicity. 
Precautions: Impaired Renal or Hepatic Function: As with other NSAIDs, use with caution in patients with impaired renal or 
hepatic function, or a history of kidney or liver disease. Renal Effects: As with other NSAIDs, long-term administration to 
animals resulted in renal papillary necrosis and other abnormal renal pathology. In humans, hematuria and proteinuria have 
occurred in long-term trials with oral ketorolac with a frequency and degree similar to aspirin. A second form of renal toxicity 
has been seen in patients with conditions leading to a reduction in blood volume and/or renal blood flow. In these patients, an 
NSAID may precipitate overt renal failure. Patients at greatest risk are those with impaired renal function, heart failure, liver 
dysfunction, taking diuretics, and the elderly. Discontinuation of the NSAID is typical ly followed by recovery. Use with caution 
in patients with impaired renal function as reduced creatinine clearance results in reduced clearance of the drug. Follow such 
patients closely. Fluid Retention and Edema: These have been reported with NSAIDs; use TORADOL with caution in patients 
with cardiac decompensation, hypertension, or similar conditions. Hepatic Effects: With NSAIDs, borderline elevations of liver 
tests May occur in up to 15% of patients. These may progress, remain unchanged, or disappear with continued therapy. 
Elevations of ALT (SGPT) or AST (SGOT) occurred in clinical trials with oral ketorolac in less than 1% of patients. Evaluate a 
patient with symptoms and/or signs Suggesting liver dysfunction, or in whom an abnormal liver test has occurred, for evidence 
of a more severe hepatic reaction. Hematologic Effects: TORADOL inhibits platelet aggregation and may prolong bleeding time 
but does not affect platelet count, prothrombin time (PT) or partial thromboplastin time (PTT). Carefully observe patients with 
coagulation disorders or who are receiving drug therapy that interferes with hemostasis. Inhibition of platelet function by 
TORADOL disappears within 24-48 hours after the drug is discontinued. In clinical studies, the incidence of clinical ly 
significant postoperative bleeding was 0.4% compared to 0.2% in the groups receiving opiates. Drug Interactions: TORADOL is 
highly bound to plasma protein (mean 99.2%), independent of concentration. /n vitro binding of warfarin to plasma proteins is 
slightly reduced by TORADOL (99.5% control vs 99.3% with TORADOL 5-10 4g/mL). TORADOL does not alter digoxin protein 
binding. At therapeutic concentrations of salicylate (300 sag/ml), in vitro binding of TORADOL was reduced from 99.2% to 
97.5%, a potential 2-fold increase in unbound TORADOL plasma levels; hence, use TORADOL with caution (or at a reduced 
dosage) in patients being treated with high dose salicylate regimens. Therapeutic concentrations of digoxin, warfarin, 
ibuprofen, naproxen, acetaminophen, phenytoin, tolbutamide and piroxicam did not alter TORADOL protein binding. Ina Study 
of 12 healthy volunteers given TORADOL 10 mg orally for 6 days prior to co-administration of a single dose of warfarin 25 mg, 
no significant changes in pharmacokinetics or pharmacodynamics of warfarin were detected. In another study of 12 healthy 
volunteers, co-administration of heparin 5000 U s.c. and TORADOL did not show any pharmacodynamic effects of the 
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TORADOE® IM (ketorolac tromethamine) | 

combinatic wan template bleeding time or kaolin cephalin clotting time. There is no evidence that TORADOL induces or i 
the hepaticæazymes capable of metabolizing itself or other drugs. Some NSAIDs inhibit renal lithium clearance, lea 
increased pesma concentration. This has not been studied with TORADOL. Some NSAIDs reduce the cleara 
methotrexa £ enhancing its toxicity. This has not been studied with TORADOL. TORADOL has been administered concu 
with morphe in clinical trials without adverse interactions. Carcinogenesis, Mutagenesis, and /mpairment of Fe 
Studies in mise and rats at oral doses equal to or 2.5 times the parenteral MRHD (Maximum Recommended Human 
respectivelyesnowed no evidence of tumorigenicity. Ketorolac was not mutagenic in tests with S. typhimurium, S. cere 
or E. coli ard did not cause chromosome breakage in the sn vivo mouse micronucleus assay. Impairment of fertility ¢ 
occur in ma or female rats at oral doses 4.5 and 8 times the parenteral MRHD, respectively. Pregnancy: Pregnancy Ca 
B: Reproduasion studies in rabbits and rats with daily oral doses 1.8 and 5 times the parenteral MRHD, respectively, c 
reveal evidæe of harm to the fetus. Ketorolac caused delayed parturition and dystocia in rats at oral doses higher thi 
parenteral MFHD, like other NSAIDs. There areno adequate and well-controlled studies in pregnant women. TORADOL: 
be used durmppregnancy only if clearly needed and no known safer alternatives are available. Labor and Delivery: TORA\ 
not recommended for use during labor and delivery. Lactation and Nursing: After a single oral dose of TORADOL 10 
humans, themaximum milk concentration was 73 ng/mL and the maximum milk-to-plasma ratio was 0.037. After one. 
dosing (gid) the corresponding values were 7.9 ng/mL and 0.025. Use caution when TORADOL is administered to a nt 
woman. Pewatric Use: TORADOL is not recommended for use in children. Use in the Elderly: Because ketorolac is cl 
more slowly®y the elderly, who are also more sensitive to renal effects of NSAIDs, use extra caution and reduced dosages | 
treating thesilerly. Adverse Reactions: Adverse reaction rates from short-term use of NSAIDs are generally 1/2 to 
the rates asecciated with chronic usage. This is also true for TORADOL. In studies of patients treated for up to 1 yea 
incidence ofsserious and nonserious ADRs, including GI tract ulceration and bleeding (yearly rate 1.2 to 5.4%), associated 
oral ketorola 10 mg, 1 to 4 times per day prn, was comparable to treatment with aspirin 650 mg prn. Be alert for the 
complications of NSAID treatment. The adverse reactions listed below were reported to be probably related to TORAD 
trials in whic» patients received up to 20 doses of TORADOL 30 mg IM in 5 days. /ncidence greater than 1%: Body as aw 
edema. Gl: mesea* dyspepsia® GI pain” diarrhea. Nervous system: drowsiness* dizziness, headache, sweating. Inje 
site pain wasaeported by 2% of patients in multidose studies (vs 5% for morphine). *Incidence of reported reaction 3%- 
Reactions oecarring in less than 3% are unmarked. /acidence 1% or /ess: Body as a whole: asthenia, myalgia. Cardiovasc 
vasodilationapallor. Dermatologic: pruritus, urticaria. Gl: constipation, flatulence, GI fullness, liver function abnormal 
melena, pegue ulcer, rectal bleeding, stomatitis, vomiting. Hemic and lymphatic: purpura. Nervous system: dry m 
nervousness paresthesia, abnormal thinking, depression, euphoria, excessive thirst, inability to concentrate. inson 
Stimulation, <=*tigo, Respiratory: dyspnea, asthma. Special senses: abnormal taste, abnormal vision. Urogenital: incre: 
urinary frequency, oliguna. Drug Abuse and Physical Dependence: TORADOL is not a narcotic agonist or antago 
Subjects didat show any symptoms or signs of withdrawal upon abrupt discontinuation of IV or IM dosing. Patients recei 
TORADOL omiliy for > 6 months have not developed tolerance and there is no pharmacologic basis to expect addict 
TORADOL dé not exhibit activity in classical animal Studies which are reasonable predictors of Opiate analgesic actior 
vitro, TORACBL does not bind to opiate receptors. Thus, TORADOL does not have central opiate-like activity. Overdosa 
Lack of expesence with acute overdosage precludes characterization of sequelae and assessment of antidotal efficacy 
single oral deses > 100 mg/kg in rats, mice and monkeys, symptoms such as decreased activity, diarrhea, pallor, labe 
breathing, raæe. and vomiting were observed. Dosage and Administration: TORADOL may be used on a regular scher 
or prn, althoug! current recommendations for pain management are to use analgesics on a regular schedule rather than 
based on thereturn of pain. For the short-term management of pain the recommended initial dose is 30 or 60 mg IM ¢ 
loading dose= tollowed by half of that (15 or 30 mg) every 6 hours as long as needed to control pain. The recommeni 
maximum tomedaily dose is 150 mg for the first day and 120 mg/day thereafter. The lower end of the dosage rangi 
recommendes: ‘or patients under 50 kg (110 pounds), for patients over 65 years of age, and for patients with reduced re 
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COMMENTARY 


Laparoscopic Hernia Repair: A Point of View 


E nthusiasm for laparoscopic oper- 
ations reached a new high dur- 
ing the 77th Clinical Congress of the 
American College cf Surgeons. One 
year before, at the annual meeting in 
San Francisco, Calif, we saw tenta- 
tive, primordial demonstrations of 
the use of laparoscopy to manage 
groin hernias. These demonstrations 
were restricted to scientific exhibits. 
I was tempted to follow the lead of 
the editor of the Zentralblatt fur Chir- 
urgie in 1882. After a report by Lud- 
wik Rydygier! on the first stomach 
resection for management of a gastric 
ulcer, the editor made an observation 
to the effect that he hoped Rydygier’s 
report would be the last. After last 
year’s emphasis on laparoscopy, I 
hoped the same for reports of lap- 
aroscopic hernia operations. 

By the 1991 meeting in Chicago, Ill, 
however, we were seeing wide- 
screen video presentations in both 
the scientific and commercial exhibit 
halls, which contained sufficient 
seating to excite the most avid Hol- 
lywood mogul. Having long had an 
interest in the repair of inguinal and 
femoral hernias, I found myself a 
member of several audiences. 
Frankly, I gained the impression that 
there is potential for the successful 
use of laparoscopic operations in her- 
nia repair. 

The considera-ions for laparo- 
scopic repair of a groin hernia are 
different from those for other laparo- 
scopic operations, such as cholecys- 
tectomy and appendectomy. Most 
traditional hernia repairs are per- 
formed using local anesthesia, and 
the incision is small. What makes 
laparoscopic hernia repair less attrac- 
tive to patients is that general anes- 
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thesia is required and that, when the 
length of the three incisions for lap- 
aroscopy is compared with length of 
the one small incision for a primary 
hernia repair, the total length of inci- 
sions is the same. The thrust of 
advertising, however, both profes- 
sional and commercial, attempts to 
persuade patients that these are mi- 
nor considerations. 

Some types of hernias are amena- 
ble to laparoscopic repair. Certainly, 
indirect hernias with no or minimal 
dilatation of the internal abdominal 
musculoaponeurotic ring? are ideal 
for this operative method. Femoral 
hernias, which require minimal re- 
pair, may also be suited for laparo- 
scopic repair with the instruments 
now available. The problem is that 
instrumentation has not kept pace 
with the active minds of the surgeons 
interested in minimally invasive op- 
erations. 

Hernial peritoneal sacs can be re- 
moved ora least disconnected laparo- 
scopically, but for direct, large indi- 
rect, and recurrent hernias, instru- 
ments and techniques must be 
developed that allow fascia-to-fascia 
approximation, with nonabsorbable 
sutures, of the several defects. My as- 
sociates and I? have demonstrated 
that a rerecurrence rate of 2% is pos- 
sible with the repair and mesh inlay 
buttressing of a recurrent hernia re- 
paired in an open operation. I believe 
that, in time, this repair of the fascial 
defect, followed by the placement of 
a prosthetic mesh buttress as an inlay 
support, will be possible with lap- 
aroscopy. The current practice of fill- 
ing these defects with multiple pieces 
of mesh (globs) is not an attractive so- 
lution. With the new instruments be- 


ing developed, laparoscopic sur- 
geons’ goal of repairing all types of 
groin hernias seems attainable. 
¢ Current laparoscopic techniques 
are primitive. The follow-up periods 
are so short that the anecdotal re- 
ports of results are useless. Fortu- 
nately, however, interest in this area 
of hernia surgery should produce 
definitive answers in another year or 
two. It would be a mistake to make 
final therapeutic decisions with the 
evidence now available. 

Unfortunately, the concept must 
be developed further in our patients, 
and patience will be required. Pre- 
dictions are dangerous, but I believe 
laparoscopic herniorrhaphy will find 
a place in the spectrum of hernia op- 
erations that can be performed satis- 
factorily, regardless of the type of 
hernia. Let us give this dramatic new 
technology a chance to succeed, but, 
at the same time, rely on tried and 
true surgical techniques when indi- 
cated. The concept is no different 
from the current practice of individ- 
ualizing the approach and repair for 
each patient. No single approach or 
repair is suitable for all patients, 
today or in the future. 

LLOYD M. NyHus, MD 
Chicago, Ill 
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Monoclonal Antibody to Tumor Necrosis Factor « 
Attenuates Cardiopulmonary Dysfunction in 
Porcine Gram-negative Sepsis 


Ciaran J. Walsh, FRCSI; Harvey J. Sugerman, MD; Patrick G. Mullen, FRCSI; P. Declan Carey, FRCSI; 
Sandra K. Leeper-Woodford, PhD; Gary J. Jesmok, PhD; Ferl F. Ellis, PhD; Alpha A. Fowler, MD 


¢ Tumor necrosis factor (TNF) is implicated in the patho- 
physiology of gram-negative sepsis. This study examined 
physiologic and biochemical effects of pretreatment with an 
anti-TNFa monoclonal antibody immediately before the 
onset of sepsis. Three groups of anesthetized ventilated pigs 
were studied for 300 minutes. Groups 1 (n=12) and 2 
(n=6) received a 1-hour infusion of live Pseudomonas 
aeruginosa. Group 2 was pretreated with anti-TNFa mono- 
clonal antibody (15 mg/kg). Group 3 (n =8) received intra- 
venous sterile saline. Group 1 exhibited a significant rise in 
plasma TNF activity, which was abolished in group 2. Car- 
diac index was reduced in both groups 1 and 2 in the first 
hour but recovered in group 2 (3.3+0.4 L/min per square 
meter at 300 minutes in group 2 vs 1.3+0.2 L/min per square 
meter in group 1). Metabolic acidosis was attenuated (arte- 
rial pH, 7.39+0.01 in group 2 vs 7.16+0.03 at 300 minutes 
in group 1). Increased extravascular lung water was also at- 
tenuated (5.9+0.7 in group 2 vs 13.2+1.5 mL/kg at 300 
minutes in group 1). However, pulmonary hypertension and 
hypoxemia, which are known cyclooxygenase effects, were 
not affected. In the early phase of the study, plasma throm- 
boxane B, levels were elevated in both groups 1 and 2. We 
conclude that anti-TNFa monoclonal antibody offered sig- 
nificant protection against the effects of sepsis, but that 
other mediators may be responsible for the early changes 
seen in this model. 
(Arch Surg. 1992;127:138-145) 


Dee advances in antibiotic therapy and intensive 

care treatment, septic shock is the most common 
cause of death in intensive care units.! Sepsis, particularly 
abdominal sepsis, remains the most common predisposi- 
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tion for the adult respiratory distress syndrome.2? When 
adult respiratory distress syndrome is associated with 
sepsis, mortality approaches 80%.‘ Improvement in pa- 
tient outcome will depend on early recognition of patients 
at high risk of developing sepsis and multiple organ fail- 
ure as well as the development of effective early pharma- 
cologic intervention aimed at specific mediators of the 
septic process. 

It has become increasingly clear in recent years that the 
physiological and biochemical effects of bacteria and bac- 
terial endotoxin are largely mediated through a network 
of cytokines interacting with cyclooxygenase and lipoxy- 
genase metabolites of arachidonic acid.2 Tumor necrosis 
factor (TNF), a proinflammatory cytokine elaborated pre- 
dominantly by cells of macrophage/monocyte lineage in 
response to bacterial endotoxin,> is now recognized as a 
primary mediator of the host response to gram-negative 
sepsis.“ Pretreating mice,’ rabbits, and baboons" with 
anti-TNF monoclonal antibody (MoAb) reduces animal 
mortality after administration of endotoxin or lethal 
numbe of gram-negative organisms. The mechanisms 
acting to reduce mortality after pretreatment with anti- 
TNF MAb have not been fully elucidated. 

The present study examines the effects of anti-TNFa 
MoAb pretreatment on the course of gram-negative sep- 
sis and acute lung injury produced by infusion of live 
Pseudomonas aeruginosa in the pig. The pretreatment 
design of this study permits the pathogenic effects of TNF 
to be examined. Mounting evidence suggests that many 
of the effects of TNF occur via cyclooxygenase metabo- 
lites.’ Wee set out to examine these relationships between 
TNF and cyclooxygenase metabolites in porcine sepsis by 
studying the effects of anti-TNFa MoAB pretreatment on 
plasma thromboxane levels. 


CLINICAL SIGNIFICANCE 


Clinica] trials are presently in progress to evaluate anti- 
TNFa MoAb as a therapeutic option in gram-negative 
sepsis." However, the effects of blocking TNFa are not 
fully elucidated and there is concern over potential dele- 
terious ‘fects of blocking the normal cytokine response.* 
The ear» TNF surge in plasma and subsequent cytokine 
cascade=ssociated with cyclooxygenase and lipoxygenase 
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metabolites of arachadonic acid represent a complex bio- 
logical response to bacterial invasion. Gathering informa- 
tion concerning the physiological and biochemical effects 
of TNFa. blockade is central to a better understanding of 
the biological effeets of this therapeutic option. 


MATERIALS AND METHODS 
Anti-TNFa MoAb 


The IgG1 anti-TN=a MoAB used was purified from murine 
hybridoma culture harvests via cell separation, polyethylene 
glycol precipitation, anion exchange, and size exclusion chro- 
matography. Purified MoAb was 99% pure with fully functional 
binding to human TNF. Endotoxin levels were less than 2 pg/mg 
of protein (limulus assay). Stabilization was performed with 
glycine and maltose before lyophilization. Lyophilized MoAb 
was kept at 4°C until the time of the experiment, when it was re- 
constituted with 20 mL of sterile water. Anti-TNFa MoAb (15 
mg/kg) was administered for 10 minutes via the left internal jug- 
ular vein. 


Porcine Model 


Yorkshire pigs weighing between 15 and 33 kg were obtained 
from a commercial vendor and kept in the Virginia Common- 
wealth University vivarium for 3 to 5 days before use. All animals 
received intramuscular penicillin G benzethine and penicillin G 
procaine (300000 U 2ach) 48 hours before use as part of preop- 
erative conditioning Animals were preanesthetized with intra- 
muscular ketamine Hydrochloride (25 mg/kg) and placed supine. 
Pentobarbital sodium (20 mg/kg) was administered intrave- 
nously to induce anesthesia, which was maintained with con- 
tinuous pentobarbital infusion (1 mg/kg per hour). After ade- 
quacy of anesthesia was determined, animals were paralyzed 
with a continuous intravenous infusion of pancuronium bro- 
mide (0.2 mg/kg per minute). Tracheal intubation was performed 
with a cuffed endotracheal tube (National Catheter). Ventilation 
was performed with a large-animal ventilator (Harvard Appara- 
tus, Boston, Mass) employing a 50% fraction of inspired oxygen 
and 5 cm H,O positive end-expiratory pressure. Vascular cath- 
eters were placed imthe left common carotid artery for monitor- 
ing systemic arterialpressure and determining arterial blood gas 
levels and in the lef- external jugular vein for infusion of bacte- 
ria. An indwelling >alloon-tipped pulmonary arterial catheter 
was inserted via the right external jugular vein and positioned 
via pressure monitcring in the pulmonary artery for measure- 
ment of pulmonary arterial pressure and cardiac output (Ed- 
wards COMI, Sante Ana, Calif). Cardiac index (CI) was calcu- 
lated using the follcwing formula: 


CI = Cardiac Output/[(Body Weight’) x 0.112] 


A 5F lung-water catheter (model 96-020-5F, American Edwards 
Laboratories, Tustin, Calif) was positioned in the lower abdom- 
inal aorta via the left femoral artery for measurement of 
extravascular lung water (EVLW) with the thermal indocyanine 
green (Cardio-Greem) double indicator technique." Systemic ar- 
terial blood sample end mixed venous samples were drawn from 
the distal port of the pulmonary arterial catheter for blood gas 
analysis using a pHiblood gas analyzer (model 1304, Instrumen- 
tation Laboratories, Lexington, Mass). Hemodynamic and blood 
gas variables were measured at 30-minute intervals for the first 
hour and every hour thereafter. Extravascular lung water mea- 
surements were taken at baseline and at 60-minute intervals un- 
til the end of the 5-nour study period. 


TNF Activity 


Arterial blood semples were collected at baseline and at 
30-minute and then at 60-minute intervals for measurement of 
plasma TNF activit. The mouse L929 fibroblast bioassay was 
used to quantify TNF activity. Arterial blood samples were 
drawn into sterile glass tubes containing 0.15% ethylenedi- 
aminetetraacetic acii and kept at 4°C. Specimens were centri- 
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fuged at 500g for 20 minutes at 4°C and the resulting plasma was 
frozen at — 20°C until time of assay. The L929 cells were seeded 
into flat-bottomed 96-well microtiter plates (Corning Glass 
Works, Corning, NY) at a density of 410° cells per well and 
grown to confluence overnight in Dulbecco’s minimal essential 
medium (DMEM; GIBCO BRL, Grand Island, NY) containing 1% 
penicillin-streptomycin and 5% fetal calf serum (DMEM). The 
medium was then removed from confluent monolayers and 100 
uL of DMEM containing dactinomycin (Merck, Sharp and 
Dohme, Westpoint, Pa) in a final concentration of 5 mg/L was 
added to each well. One hundred microliters of each of the fol- 
lowing was then added to selected duplicate wells containing 
L929 cells: (1) DMEM (0% cytotoxicity); (2) serial dilutions of re- 
combinant TNF (5x 107? to 6x 10~* U/mL) (Cetus Corp, Em- 
eryville, Calif); (3) plasma samples from different groups; (4) 
DMEM in blank wells without cells (100% cytotoxicity). The 
plates were then incubated for 20 hours at 37°C in 5% carbon di- 
oxide. The medium was removed after incubation, and the L929 
cells were stained for 10 minutes with 0.5% crystal violet in 20% 
methanol, rinsed in water, and air dried. Optical density of each 
well was determined with a microplate reader (Bio-Tek EL 309) 
and calibrated to noncellular reagent blanks at a wavelength of 
550 nm. The percentage of cytotoxicity of L929 cells was calcu- 
lated with the following formula: 


% of Cytotoxicity = (Optical Density of Wells With 0% 
Cytotoxicity — Optical Density of Experimental Sample Well)/ 
Optical Density of Wells With 0% Cytotoxicity 


Tumor necrosis factor activity is expressed in units per milliliter, 
with one unit of TNF activity defined as 50% L929 cytotoxicity. 


Plasma Thromboxane B, Activity 


Plasma thromboxane B, (TXB;) levels were measured with ra- 
dioimmunoassay.'* Arterial blood samples were obtained at 0, 
30, 60, 180, and 300 minutes from a cohort of animals in each of 
the three groups described below. Samples were collected in 
heparinized glass tubes containing indomethacin (10 mg/L). 
Following centrifugation, plasma was stored at — 70°C until time 
of assay. Aliquots of plasma were extracted using reverse phase 
columns (Baker SPE 10, JT Baker, Phillipsburg, NJ) and analyzed 
using specific TXB, antiserum (Advanced Magnetics, Boston, 
Mass). All assays were run in duplicate and the results were ex- 
pressed as picograms per milliliter of plasma. 


Study Groups 


Three groups of animals were studied. Groups 1 (n=12) and 
2 (n=6) received a 1-hour infusion of live P aeruginosa (5 x 10° 
colony-forming units [CFU]/mL at 0.3 mL/20 kg per minute). 
Group 2 was pretreated with 15 mg/kg of intravenous anti- TNFa 
MoAb 15 minutes before the Pseudomonas infusion. Group 3 
(n=8) received sterile saline only. All animals were studied for 
300 minutes. 

The experimental protocol for this study was approved by the 
Institutional Animal Care and Use Committee of Virginia Com- 
monwealth University and adhered to National Institutes of 
Health guidelines for the use of experimental animals. 


Statistical Analysis 
Results are expressed as means + SEMs. Differences were 
tested for significance using analysis of variance. Differences 
between means were analyzed using Tukey’s Studentized Range 
Test. Results were considered statistically significant at P<.05. 


RESULTS 
TNF and TXB, Activity 


Infusion of Pseudomonas produced significant and rapid 
increases in plasma TNF levels (Fig 1). Plasma TNF was 
significantly elevated at 30 minutes in septic (group 1) an- 
imals and reached its highest value at 120 minutes (4.8+0.7 
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Fig 1.—Plasma tumor necrosis factor (TNF) levels, where one unit in- 
dicates 50% L929 cytotoxicity. Open circles represent saline-treated 
control animals (n=5); closed circles, septic animals (n= 7): squares, 
anti-TNFa monoclonal antibody (n=6); asterisks, P<.05 vs baseline; 
daggers, P<.05 vs saline-treated control group; and double daggers, 
P<.05 vs anti-TNFa monoclonal antibody. 


U/mL vs 0.4+0.2 U/mL at baseline). Plasma TNF levels de- 
clined thereafter but remained significantly greater than 
baseline until 240 minutes. Pretreatment with anti-TNFa 
MoAb abolished the surge of TNF observed in the plasma 
of septic animals with plasma levels exhibiting no signif- 
icant differences from baseline levels or those in saline- 
treated control animals (Fig 1). 

Plasma thromboxane levels increased sharply after the 
onset of Pseudomonas infusion and peaked at 30 minutes 
(2877+ 283 pg/mL). Plasma TXB, levels remained signifi- 
cantly elevated throughout the study in septic animals 
(Fig 2). Pretreatment with anti-TNFa MoAb failed to 
attenuate the initial increase in plasma TXB,. Plasma TXB, 
levels in antibody-treated (group 2) animals equaled those 
observed in septic animals at 30 minutes and continued to 
rise for 60 minutes. Plasma TXB, levels subsequently de- 
clined in antibody-treated animals and were not signifi- 
cantly different from baseline values at 300 minutes. 
Saline-treated control animals exhibited no increase in 
plasma TXB, levels. 


Hemodynamic Measurements 


Anti-TNFa MoAb significantly improved the dimin- 
ished CI observed in septic animals (Fig 3). Animals in 
groups 1 and 2 exhibited significant reduction in CI in the 
first 60 minutes, coinciding with the infusion of Pseudomo- 
nas. However, after 60 minutes, CI continued to decline 
in septic animals (1.3+0.2 L/min per Square meter at 300 
minutes), while a significant (P<.05) recovery of CI was 
observed in antibody-treated animals after cessation of 
the Pseudomonas infusion (3.3+0.4 L/min per square meter 
at 300 minutes). From 180 minutes onward, CI in septic 
animals (group 1) was significantly lower than that 
observed in saline-treated controls (group 3). There was 
no significant difference in CI between antibody-treated 
animals (group 2) and saline-treated controls from 120 
minutes onward. 

Pulmonary artery occlusion pressure in septic unpro- 
tected and antibody-treated animals rose sharply during 
the early phase of sepsis. At the completion of organism 
infusion, pulmonary artery occlusion pressure values re- 
turned rapidly to baseline, showing no significant differ- 
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Fig 2.— Plasma thromboxane B- (TXB) levels. Open circles represent 
saline-treated control animals (n = 2); closed circles, septic animals 
(n= 4); squares, anti-tumor necrosis factor a monoclonal antibody 
(n=4); and asterisks, P<.05 compared with baseline. 
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Fig 3.— Cardiac index. Open circles represent saline-treated contro! 
animals; closed circles, septic animals; open squares, anti-tumor 
necrosis factor « monoclonal antibody; asterisks, P<.05 compared 
with baseline values; daggers, P<.05 vs saline-treated control 
group; and double daggers, P<.05 vs anti-tumor necrosis factor a 
monoclanal antibody. 


ence when compared with baseline over the course of 300 
minutes, until the final 30 to 40 minutes of the study, 
when a slight rise was noted in septic unprotected 
animals. Throughout the study, all animals were main- 
tained im a euvolemic condition by replacing only the vol- 
ume removed. No animals from any group received 
greater quantities of fluid than any other group. 

Systemic arterial hypertension occurred in the first 30 
minutes after infusion of Pseudomonas in both groups 1 
and 2. However, the increase was not statistically signif- 
icant in group 2. In septic animals (group 1), systemic ar- 
terial hypertension was followed rapidly by hypotension 
that reached a nadir at 120 minutes (82+6 mm Hg), after 
which a trend toward recovery of mean systemic arterial 
pressure was observed. Anti-TNFa MoAb significantly 
attenuated the systemic arterial hypotension observed in 
group 1 (Fig 4). 

Septie animals developed acute pulmonary arterial hy- 
pertension within 30 minutes of commencing the 
Pseudomonas infusion (Fig 5). The early pulmonary arterial 
hypertension was not attenuated by pretreatment with 
anti-TNFa MoAb. However, pulmonary artery pressures 
were significantly lower at the end of the study in the 
antibody-treated animals than in the septic, untreated 
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Fig 4.—Mean system arterial pressures (SAP). Open circles repre- 
sent saline-treated ccntrol animals; closed circles, septic animals; 
squares, anti-tumor mecrosis factor a monoclonal antibody; aster- 
isks, P<.05 vs baselme; daggers, P<.05 vs saline-treated control 
group; and double daggers, P<.05 vs anti-tumor necrosis factor a 
monoclonal antibody. 
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Fig 5.—Pulmonary astery pressure (PAP). Open circles represent 
saline-treated contre! animals; closed circles, septic animals; 
squares, anti-tumor secrosis factor « monoclonal antibody; aster- 
isks, P<.05 vs baseline; daggers, P<.05 vs saline-treated control 
group; and double daggers, P<.05 vs anti-tumor necrosis factor a 
monoclonal antibody. 


animals. Pulmonary artery pressures remained un- 
changed from baseline in saline-treated controls. 


Blood Gas Measurement 


Arterial oxygen tension (PaO ) declined dramatically in 
both septic and artibody-treated animals over the course 
of the Pseudomoncs infusion. From 60 minutes onward, 
PaO, continued te decline in septic animals, whereas a 
gradual increase was observed in antibody-treated ani- 
mals. At the end cf the study, however, both groups had 
significantly lower PaO, values than saline-treated con- 
trols (Fig 6). We observed a gradual 20% decline in mixed 
venous oxygen tension (PVO;) over the course of the study 
in Pseudomonas-inzused animals. Anti-TNFa treated ani- 
mals exhibited a rapid 20% decrease in PvoO, during the 
Pseudomonas infusior; however, this was followed by re- 
covery, such that PvO, returned to baseline levels by the 
end of the study data not shown). 

Porcine sepsis was invariably characterized by the ap- 
pearance of a progressive unremitting mixed and respira- 
tory acidosis that ntensified toward the end of the study 
period (arterial pH, 7.18+0.03 at 300 minutes in group 1). 
Anti-TNFa antibody failed to prevent the decrease in ar- 
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Fig 6.—Arterial oxygen tension (PAQOz). Open circles represent 
saline-treated control animals; closed circles, septic animals; 
squares, anti-tumor necrosis factor « monoclonal antibody; aster- 
isks, P<.05 vs baseline; and daggers, P<.05 vs saline-treated con- 
trol group. 


terial pH during the Pseudomonas infusion (0 to 60 min- 
utes). However, from 60 minutes onward, antibody- 
infused animals exhibited no further intensification of the 
acidosis (Fig 7). At 300 minutes, arterial pH in group 2 was 
7.39+0.01, which was not significantly different from that 
in saline-treated control animals. 


EVLW 


Extravascular lung water was unchanged in saline- 
treated controls throughout the study. Septic (group 1) 
animals developed significant increases in EVLW, and at 
30 minutes, EVLW reached 13.2+1.5 mL/kg compared 
with 6.2+0.9 at baseline. We observed no significant in- 
crease in EVLW in the antibody-treated group over the 
course of the study (EVLW, 5.9+0.7 mL/kg at 300 min- 
utes) (Fig 8). 


COMMENT 


Tumor necrosis factor is recognized as an important 
mediator of the host response to gram-negative sepsis.® 
This study examined the effects of administration of an 
MoAb to TNFa on the course of Pseudomonas sepsis in the 
pig. The antibody abolished the characteristic surge of 
TNE observed in the plasma of septic animals and 
produced significant preservation of cardiopulmonary 
function in the latter phases of the study period. These 
data confirm the beneficial effects of passive immuniza- 
tion against TNFa on gram-negative sepsis. A lack of 
protection observed in the first hour of sepsis in antibody- 
treated animals suggests that TNF is not the sole early 
mediator of the gram-negative septic response in this 
model. 

Cardiac index declined sharply in both septic and anti- 
TNFa-treated animals during the 60-minute Pseudomonas 
infusion. However, CI recovered and returned to baseline 
values at the end of the study in antibody-treated (group 
2) animals, compared with a significantly depressed CI in 
septic (group 1) animals at 300 minutes (Fig 3). The 
changes in Cl observed in antibody-treated animals were 
substantiated by the mixed venous oxygen tension val- 
ues, which also returned to baseline after a decline dur- 
ing the Pseudomonas infusion. These data support the hy- 
pothesis of Tracey et al'! that TNF is partly responsible for 
depressed myocardial function in gram-negative sepsis. 
Data from Parillo et al! suggested that TNF may be one of 
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Fig 7.—Arterial pH. Open circles represent saline-treated control 
animals; closed circles, septic animals; squares, anti-tumor necro- 
sis factor a monoclonal antibody; asterisks, P<.05 vs baseline; dag- 
gers, P<.05 vs saline-treated control group; and double daggers, 
P<.05 vs anti-tumor necrosis factor « monoclonal antibody. 


several molecules that play a role in directly mediating the 
myocardial depression of human septic shock. The CI 
decrease that occurred in antibody-treated animals oc- 
curred during the 60-minute infusion of Pseudomonas, 
during which time there was no increase in plasma TNF 
activity. These data suggest that the early cardiovascular 
changes that occur in porcine sepsis may be independent 
of TNF. This hypothesis is supported indirectly by previ- 
ous reports demonstrating that the lethal effects of 
endotoxin are not explained by TNF alone.” 

The results of prior studies infusing cyclooxygenase in- 
hibitors into septic animals suggest that arachidonic acid 
metabolites may be responsible, in large part, for the hy- 
poxemia, pulmonary hypertension, and increased pul- 
monary shunt that occurs in animal models of sepsis- 
induced acute lung injury. Johnson et al” 
demonstrated that administration of recombinant human 
TNFa in awake sheep produced acute onset of pulmonary 
arterial hypertension with associated increases in TXB,, 
6-keto-prostaglandin F,, and prostaglandin E, in lung 
lymph. In the current study, we observed no attenuation 
of early-phase pulmonary arterial hypertension or de- 
crease in PAO, by anti-TNFa MoAb (Fig 5). However, 
antibody-treated animals exhibited significantly lower 
pulmonary artery pressures in the latter 2 hours of the 
study than untreated septic animals. Plasma TXB, levels 
were significantly elevated in septic (group 1) animals, 
with peak values coinciding with the peak in pulmonary 
artery pressure at 30 minutes. Plasma TXB, levels re- 
mained significantly elevated from baseline for the dura- 
tion of the study. In contrast, plasma TXB, levels were not 
significantly different from baseline in antibody-treated 
animals at 300 minutes. These findings suggest a link be- 
tween plasma TXB,, pulmonary artery pressure, and de- 
clining PAO,. This study also suggests that TNF activity in 
plasma may play a role in modulating TXB, levels in the 
circulation during a septic event, since the TXB, levels re- 
mained elevated in untreated animals with increased 
plasma TNF activity and decreased toward baseline in 
antibody-treated animals (Fig 2). 

The data reported here and those reported in prior 
studies provide increasing evidence that cytokines, TNF, 
and interleukin-1, in particular, are integrally involved 
with cyclooxygenase metabolites in mediating the patho- 
physiologic manifestations of sepsis.?'*3 Administration 
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Fig 8.—Extravascular lung water (EVLW) measured with the thermal 
indocyamine green double indicator technique. Open circles rep- 
resent se"'ne-treated control animals; closed circles, septic animals; 
squares, anti-tumor necrosis factor a monoclonal antibody; aster- 
isks, P<@5 vs baseline; daggers, P<.05 vs saline-treated control 
group; aad double daggers, P<.05 vs anti-tumor necrosis factor a 
monoclenal antibody. 


of a sinsle dose of indomethacin or ibuprofen reduced the 
lethal effects of recombinant human TNF administration 
in rats sy 70%.** Michie et al were unable to show sig- 
nificant reduction in circulating TNF levels in human 
subjects pretreated with ibuprofen followed by adminis- 
tration of Escherichia coli endotoxin. However, we dem- 
onstrated, in prior studies, that cyclooxygenase blockade 
reducec circulating TNF activity and improved the course 
of porcme sepsis.” 

In tre present study, pretreatment with anti-TNFa 
preven-ed the rise in EVLW. However, we interpret these 
results with caution. Autopsy studies performed on 
antiboay-treated animals at completion of the study 
showec that the more perfusion-dependent posterior re- 
gions of the lung appeared hemorrhagic. Gross and his- 
tologic examinations showed the anterior regions of the 
lung to be normal (data not shown). This phenomenon 
was no! noted in any other organs assessed at autopsy. 
The sig-aificance of these findings are unclear and require 
further investigation. 

Persistent acidemia is an independent variable associ- 
ated wh a mortality rate of 85% in patients with adult 
respiratory distress syndrome.” In the present study, 
anti-INFa MoAb significantly attenuated metabolic aci- 
dosis dme to infusion of live P aeruginosa. These data sug- 
gest thet TNF plays a major role in mediating the meta- 
bolic acidosis associated with sepsis. Although there was 
an initial decline in arterial pH in the animals in groups 
1 and 2 during the Pseudomonas infusion, arterial PH re- 
coverec in the antibody-treated animals to values not sig- 
nificantty different from saline-treated control animals. In 
contras_, septic animals in group 1 exhibited an inexora- 
ble decline in arterial pH. Circulating TNF levels did not 
change from baseline in antibody-treated animals, thus 
the reasons for the early decline in pH are not clear. A 
surge in circulating levels of an as yet unidentified medi- 
ator ma have produced the initial decrease in arterial pH. 
Clearly, however, aborting the surge of TNF in the plasma 


after th= onset of sepsis was critical in preventing lethal 4 


acidosis. Both septic unprotected animals and antibody- 
treated animals were noted to have a mixed metabolic and 
respiratory type of acidosis that was less severe in 
antibody-treated animals. While the acidemia may reflect 
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decreased cardiac cutput with decreased tissue perfusion, 
we speculate that it may also have occurred by directly 
preventing defects in tissue oxygen extraction character- 
istic of sepsis. This area will require further study. 

All animals in this study were maintained at a constant 
minute ventilation throughout the study period by me- 
chanical ventilation. The respiratory component of the 
mixed acidosis mest marked in septic unprotected ani- 
mals was likely accounted for by an increased dead space 
to tidal volume ratio, which accompanies widespread al- 
veolar capillary membrane damage. The less marked res- 
piratory acidosis and near normal tidal volume ratio noted 
in antibody-treated animals provides further evidence of 
the protective effects of anti-TNFa antibody in sepsis. 

In summary, passive immunization with anti- TNFa 
MoAb before infusion of live P aeruginosa produced 
significant attenuation of many of the cardiopulmonary 
abnormalities associated with porcine gram-negative sep- 
sis. The fact that many of the changes observed in septic 
animals were unaffected by anti-TNFa MoAb early in 
sepsis suggests that other mediators, as well as TNF, are 
important for the production of the characteristic early 
host response to a septic challenge. Anti-TNFa MoAb 
failed to reduce the early rise in plasma TXB, levels. The 
early pulmonary arterial hypertension and hypoxemia, 
recognized as cyclooxygenase effects in this and similar 
models, were not attenuated. We conclude from these 
studies that the use of an anti-TNFa MoAb in gram- 
negative sepsis may represent a highly efficacious form of 
therapy. We further suggest that the effect of combined 
cyclooxygenase and TNF blockade should be investigated 
as a further therapeutic option. 
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Discussion 


DAVID L. DUNN, MD, PHD, Minneapolis, Minn: This study 
really demonstrates something that I think most of us know, ie, 
that TNF has deleterious effects. But the study really goes way 
beyond that, because, in fact, although we have been hearing 
about the TNF story for a number of years, the real important 
details as to what the specific mechanisms are by which TNF 
impacts adversely on mammalian host defenses and overall host 
survival have really yet to be worked out. Although we under- 
stand the fact that this epiphenomenon exists, the extent to 
which it impacts detrimentally on the host is really what needs 
to be determined. 

The authors have shown us a very firm correlation with abro- 
gation of TNF activity and certain parameters in their model: 
hypertension, acidemia, etc. I think that this is an important 
point, because when many of us use small animal models we 
don’t have the ability to dissect this out. Interestingly, although 
they set out to prove a certain hypothesis, looking at the pulmo- 
nary vasculature, they were not able to do that. They have of- 
fered good reasons why this might occur, but I’d like to center 
my questions in on that specific phenomenon, because I think 
the most important questions to be asked about this study really 
concern quantities of TNF that they are looking at and the 
amount of abrogation. 

In other words, they would have us believe at this point that 
TNF, in fact, is not going to adversely impact upon thrombox- 
ane A, and it will not, therefore, exert effects on the pulmonary 
vasculature. Can they really assure us that this is not merely a 
matter of degree? In other words, if they had used additional 
doses of anti-TNF antibody, they would have perhaps achieved 
that effect, because you will note that a number of the effects oc- 
curred later on, so perhaps additional TNF abrogation would 
have perhaps led to improvement in those parameters. Addi- 
tionally, if they were able to use controls in which they did use 
ibuprofen blockade, we could be assured a little bit more that, 
in fact, thromboxane A, could be blocked. We will be very inter- 
ested in future studies that will combine both agents. 

JOHN A. MANNICK, MD, Boston, Mass: You are well aware that 
there are a number of studies in the literature suggesting that 
anti-TNF antibodies have adverse effects on survival in certain 
animal models of sepsis. They obviously differ from yours. Our 
own particular favorite is a burn model with a septic challenge 
from cecal ligation and puncture, which, of course, provides a 
chronic bacterial stimulus rather than an acute one. In this 
model, administration of monoclonal anti-TNF antibody can 
cause an increase in mortality. I expect that we have to remem- 
ber that some TNF may be beneficial to the organism that is be- 
ing attacked by bacteria and that getting rid of all of it may not 
be the way to go clinically. 

H. HANK SIMMs, MD, Providence, RI: I noticed that most of 
your hemodynamic data would relate to the hypodynamic phase 
of sepsis, and I was wondering if, in your model, you have 
Studied any factors in the hyperdynamic phase that might be 
ameliorated with this monoclonal antibody. 

You are using a human monoclonal antibody in a porcine 
model. Have you used any radiolabeled tumor necrosis factor 
and done Scatchard analyses to, in fact, demonstrate specific 
binding to any porcine tissue. Your control was saline only. 
Would not it have been better to use a monoclonal antibody of 
the same isotype as your antitumor necrosis factor that doesn’t 
recognize any porcine epitopes. 
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IRSHAD H. CHAUDRY, PHD, East Lansing, Mich: Most of you 
studies mvolved pretreatment of animals. Do you have any 
plans te do posttreatment studies with antibodies to TNE. Sec- 
ondly, weu have used P aeruginosa in your model. Are you plan- 
ning to ise any other bacteria such as E coli in your future 
studies = 

DR W=LsH: Dr Dunn’s question regarding the degree of TNF 
abrogatccn is important and brings into focus the real relevance 
of plasma TNF activity as opposed to direct tissue, Or paracrine, 
effects. The lung is an important site of TNF production by al- 
veolar macrophages and systemic administration of an anti-TNF 
antibody despite abolishing plasma TNF activity, may not affect 
local TNF tissue effects. Dr Dunn suggested that we used a sec- 
ond dos of anti-TNF later in the study; however, most of the 
benefici effects of pretreatment actually were noted later in the 
study. The point we would like to make is that while we abro- 
gated plasma TNF activity, we still noted profound cardiovascu- 
lar effec from the Pseudomonas infusion, particularly in the early 
phase of the study and this would suggest TNF-independent 
mechan!ems. The effect of ibuprofen has been previously stud- 
ied by c.r group. Ibuprofen pretreatment prevents the rise of 
thrombexane B, in this model. 

Dr Maanick’s comments about the adverse effects of anti-TNF 
therapy ^oted in other animal models, are extremely important. 
A numter of recent leading articles have addressed the poten- 
tial danger of eliminating a host response that genetically has 
been strongly preserved in nature. The present study merely 
looked =t the modification of physiological responses to 
Pseudonr-ias sepsis in an acute model. The adverse effects to 
which D-Mannick referred were noted in mortality studies. This 
was noteddressed in this acute model. 

The majority of patients with clinically significant gram- 
negative sepsis are hyperdynamic. However, a significant mi- 
nority oi patients with overwhelming sepsis have a hypody- 
namic «rdiovascular response. Our model reflects these 
severely septic patients. We have not looked at the effects of 
pretreatz ent in a hyperdynamic septic model. We did not do 
binding sudies. It may be pertinent to do them; our TNF assay 
measure: bioactivity, which was abolished by the antibody, and 
it could therefore be argued that binding studies may be redun- 
dant. We did not use antibody controls instead of saline controls 
due to t22 cost and availability of the appropriate MoAbs. 

Dr Chauidry made the point that this is a pretreatment study 
and questioned the relevance of the Pseudomonas model. We 
hope to do posttreatment studies in the near future. Other 
workers have demonstrated the efficacy of this antibody in a 
model o gram-negative sepsis due to E coli. 


Clinical Relevance Statement 


In an iaceresting paper, the authors have once again suggested 
that TNF may be an important component of the septic response. 
Tumor ræcrosis factor is an interesting molecule, and many ef- 
fects hawe been attributed to it. Some may, in fact, be direct; 
some, asseen in this study, are presumed to be mediated by the 
cyclooxygenase pathway and the products of arachidonic acid. 
My own studies*” dealing with a completely different model 
system, ‘he effects of TNF on muscle protein breakdown, seem 
to clearly ndicate that at least some of the effects of TNF are me- 
diated b” corticosteroids, and there is little, if any, direct action 
of TNF or the muscle protein breakdown that accompanies sep- 
sis and tae injection of endotoxin. Likewise, my work also sug- 
gests thet prostaglandins have little to do with muscle protein 
breakdown.” 

The re=alts as presented suggest, first, that the septic response 
to live Pssudomonas injection clearly is the result of multiple fac- 
tors. Despite pretreatment with the MoAb to Pseudomonas (some- 
thing that could, of course, not be duplicated in the clinical sit- 
uation), sme effects of the gram-negative septic response to 
Pseudomeras are partially blocked, such as the late response of 
pulmonery artery pressure; some are not blocked early, but ap- 
pear to be blocked late (EVLW); and some, such as PAO, are not 
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blocked at all, with the “gradual increase” in PAO, after 150 min- 
utes when the lines of groups 1 and 2 cross, without being sta- 
tistically significant. The response of CI and the metabolic 
acidosis, with the latter being totally obviated in group 2 but not 
in group 1, are a little more complex. One aspect of this study 
that remains problematic is the lack of fluid resuscitation, which 
again is quite different in the clinical situation. Thus, if there was 
fluid transudation after gram-negative sepsis, which is almost 
certainly to be the case, and the animals were not fluid- 
resuscitated, the contirual fall in CI, systemic arterial pressure, 
and the presence of a vigorous acidosis in group 1 were almost 
certainly the result of volume-depleted shock rather than a direct 
effect of gram-negative sepsis. If the animals had been fluid- 
resuscitated, how much of this differential between the groups 
would have been present? This is not to argue with the benefi- 
cial effect seen in group 2 compared with group 1, but merely to 
point out that in an artificial situation, which differs from the 
clinical situation, the absence of fluid resuscitation rather than 


aiding the argument, detracts from it. 

Biological interventions such as anti-TNF MoAb, anti- 
interleukin-1 antibody, and anti-interleukin-1 receptor anti- 
body, are entering the phase of clinical investigation and the use 
of these important, although very expensive, biological modifi- 
ers will be evolving rapidly over time. The system remains ex- 
tremely complex, as the authors point out. It is likely that under 
certain circumstances, with certain combinations of biological 
materials and the usual critical care, respiratory and nutritional 
support, fluid resuscitation, and antibiotics, the value of cyto- 
kine antibodies and/or cytokine receptor antibodies may accrue 
to patients in the clinical situation. In this study, pigs were pre- 
treated, not treated. However, as the authors point out, the situ- 
ation is multifactorial, depends heavily on timing of interven- 
tion, and must be approached with caution. 

JOSEF E. FISCHER, MD 
Cincinnati, Ohio 


In Other AMA Journals 





ARCHIVES OF NEUROLOGY 


Estimated Prevalence of Dementia Among Elderly Black and 


White Community Residents 


Albert Heyman, MD; Gerda Fillenbaum, PhD; Bea Prosnitz; 
Kate Raiford, MSW; Bruce Burchett, PhD; Chris Clark, MD 


A stratified random sample of 83 black and 81 white community 
residents aged 65 years and older in a five-county area in the Piedmont 
region of North Carolina was evaluated for dementia, using the Diagnos- 
tic and Statistical Manual of Mental Disorders, Third Edition, and the National 
Institute of Neurological Disorders and Stroke-Alzheimer’s Disease and 
Related Disorders Association criteria. Of 164 subjects, 26 were found to 
be demented, resulting in an estimated prevalence rate of dementia in the 
five-county area of 16% (95% confidence interval, 7.92 to 24.08) for blacks 
and 3.05% (95% confidence interval, 0 to 6.91) for whites. The estimated 
prevalence of dementia for white women (2.9%) was similar to that for 
white men (3.3%), but the rate for black women was distinctly higher than 
for black men (19.9% and 8.9%, respectively). Blacks were more likely than 
whites to have a history of stroke, hypertension, and other chronic disor- 
ders that might have contributed to the development of dementia. Apart 
from differences in rates of institutionalization, no other relevant factors 
were identified that might explain the difference in the prevalence of de- 
mentia in these black and white community residents. (Arch Neurol. 


1991;48:594-598). 


Reprint requests to Duke University Medical Center, Box 3203, Durham, NC 


27710 (Dr Heyman). 
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Interleukin 1 and Its Relationship to Endotoxin Tolerance 


Pablo León, MD; H. Paul Redmond, FRCSI; Jian Shou, MD; John M. Daly, MD 


@ Endotoxin (lipopolysaccharide [LPS])—induced cytokine 
release has been implicated in the pathogenesis of sepsis. 
Sublethal doses of LPS induce tolerance to a septic insult. 
This study evaluated pretreatment with interleukin 1 (IL-1) 
against an LPS challenge and examined its relationship to 
endotoxin tolerance. C3H/HeN mice (N=100) were in- 
jected intraperitoneally with phosphate-buffered saline 
(control group), IL-1 (200 ug/kg), or LPS (1 mg/kg) for 
3 days. On day 5, peritoneal macrophages were harvested 
and assayed for antimicrobial activity (superoxide anion 
production and Candida albicans phagocytosis). Serum cy- 
tokine levels and survival after an LPS challenge on day 5 
were also assessed. Pretreatment with IL-1 or LPS signifi- 
cantly increased superoxide anion production, C albicans 
phagocytosis, and survival compared with pretreatment 
with phosphate-buffered solution. Interleukin 6 levels sig- 
nificantly decreased in the IL-1 and LPS groups. Peak levels 
of tumor necrosis factor significantly decreased only in the 
LPS group. Thus, pretreatment with IL-1 or low doses of LPS 
may exert protective effects by decreasing levels of inter- 
leukin 6 while increasing antimicrobial activity. Mice pre- 
treated with IL-1 were protected from endotoxin despite 
elevated peak levels of tumor necrosis factor, suggesting a 
different mechanism for endotoxin tolerance than for 
tolerance to tumor necrosis factor. 
(Arch Surg. 1992;127:146-151) 


G ram-negative sepsis continues to be a major source of 
morbidity and mortality in patients who suffer ma- 
jor injury or undergo major operation. The toxic effects of 

eBay negative bacteria have been ascribed to endotoxin, 

# alipopoby saccharide (LPS) component of the bacterial cell 

san wall,*? Glerance or increased resistance to the deleterious 

| effects of bacterial endotoxins occurs after exposure of 
experimenta} animals to multiple injections of small 

_ amounts ef fuch toxins.’ Tolerance can be induced to the 

wee EEEE DEAE and pyrogenic effects® of endotoxin. 

~wHôst methanisms responsible for endotoxin tolerance are 
not well understood but are thought to involve modula- 
tion of macrophage function. Despite successful efforts to 
modify the toxic effects of gram-negative bacteremia in 
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a variety of animal models, low-dose endotoxin adminis- 
tration has not gained acceptance as a therapy in humans. 

Many of the alterations in host metabolic and immune 
homeostasis that occur during sepsis result from a com- 
plex cascade of endogenous mediators triggered into ac- 
tion by the bacterial cell-well—protein LPS.’ This group of 
host proteins called cytokines includes tumor necrosis 
factor (TNF) a, interleukin 6 (IL-6), and interleukin 1 (IL- 
1). They have been studied extensively for their patho- 
physiologic roles in infection and injury.* 

Interleukin 1 exists in two forms, IL-1-a and IL-1-8, both 
of which have a molecular weight of 17500 d in humans. 
Both forms of IL-1 bind to the same receptor and appear to 
have identical functions.’ Interleukin 1 is an immunomod- 
ulator that is released in response to injury or infection. It is 
produced primarily by activated macrophages and endo- 
thelial cells.” Interleukin 1 has been shown to initiate or 
augment a number of biologic responses that are proinflam- 
matory. ’'* Prominent among these are fever induction,” 
stimulation of hepatocytes to produce acute-phase pro- 
teins," T- and B-cell proliferation, B-cell activation, and my- 
elopoiesis.'""'© More recently, studies have shown that 
administration of IL-1 may be beneficial in animal models of 
injury and infection. Van Der Meer et al” reported that pre- 
treatment with a low dose of recombinant IL-1 protects 
granulocytopenic mice from lethal gram-negative infection. 
Silver et alë demonstrated that pretreatment with IL-1 im- 
proved survival in a murine model of burn wound sepsis. 
Other investigators have demonstrated that nontoxic doses 
of recombinant IL-1 protected mice against a lethal challenge 
with recombinant TNF” and cecal ligation with puncture.” 

The purpose of this study was to examine the ability of 
IL-1 to alter survival in a murine model of endotoxin- 
induced sepsis and to compare this result to the phenom- 
enon of endotoxin tolerance by studying its effect on the 
macrophage. To investigate the mechanism of protection 
afforded by endotoxin and IL-1, we determined whether 
these treatments would interfere with LPS-induced pro- 
duction of serum TNF or serum IL-6 in mice and whether 
serum TNF or IL-6 levels would correlate with the protec- 
tive efficacy of these treatments. 


MATERIALS AND METHODS 
Animals 
Female —3H/HeN mice (N = 100) that were 6 to 8 weeks old and 
weighed 20 to 22 g were purchased from Charles River Labora- 
tories, Wilmington, Del, and used within 2 weeks of receipt. 
Animals were housed in an approved animal facility with a 
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12-hour light/dark cycle and controlled environment until treat- 
ment. All animals received food and water ad libitum and 
underwent 7 days cf acclimatization. This protocol was ap- 
proved by the Univers:ty of Pennsylvania animal research com- 
mittee. 


Reagents 


Recombinant human IL-1l-a was obtained from Hoffmann- 
LaRoche Inc, Nutley, NJ. Recombinant mouse IL-6 was provided 
by L. L. Moldawer, PaD, of Cornell Medical Center, New York, 
NY, and was only used to standardize the B.9 hybridoma pro- 
liferation assay. Recombinant mouse TNF was purchased from 
Genzyme Corp, Bosten, Mass. All cytokines contained less than 
100 pg of endotoxin per milligram of protein as measured with 
the limulus amebocyce lysate test. Lipopolysaccharide from Es- 
cherichia coli serotype*055:B5 was purchased from Sigma Chem- 
ical Co, St Louis, Mc. 


Isolation of Peritoneal Macrophages 


Peritoneal macrohages were harvested using peritoneal lavage 
with 7 mL of phosphate-buffered saline (PBS). The aspirate was 
then centrifuged anc washed twice with PBS at 1100 rpm for 
9 minutes. The remaining pellet was resuspended in Dulbecco's 
modified Eagle’s medium, using 10% fetal calf serum, 1% 
glutamine, 1% penicillin and streptomycin, and 0.1% 
2-mercaptoethanol arc plated for assay using a concentration of 
1 million cells per milliliter. 


Assay for Superoxide Anion Generation 


Superoxide anion generation was measured as the superoxide 
dismutase inhibitable reduction of ferricytochrome C in re- 
sponse to phorbol myristate acetate (1 g/mL), as previously de- 
scribed.” Results are expressed as nanomoles of superoxide an- 
ion per 90 minutes per million cells. 


Macrophage Phagocytosis of Candida albicans 


Peritoneal macropkages were plated (one million per slide) on 
glass cover slides, allowed to adhere overnight, and washed 
with PBS before use. The percentage of macrophage phagocyto- 
sis of C albicans wes determined by coculturing C albicans 
(macrophage-C albicens ratio, 1:4) with already adhered mac- 
rophages in buffer far 30 minutes. After this incubation, slides 
were washed twice with phosphate-buffered saline to remove 
nonphagocytosed C «lbicans organisms, fixed, and stained with 
Wright’s-Giemsa stain. The percentage of macrophage phago- 
cytosis was assessed Fy counting the number of macrophages 
that had completely phagocytosed one or more C albicans organ- 
isms (ingested organisms are surrounded by a clear halo). At 
least 200 macrophages were counted per slide by an investigator 
blinded to the anima. group, and the result was expressed as a 
percentage. 


Bioassay for TNF 


A standard cytotoxcty assay for TNF activity using the TNF- 
sensitive L929 cell lire was performed. L929 cells (100 uL at a 
concentration of 2.5 = 10° cells per milliliter) cells in RPMI (1640, 
Gibco, Gaithersburg, Md) supplemented with 10% fetal calf se- 
rum (heated at 56°C for 30 minutes for inactivation), 1% 
glutamine, 1% penicillin and streptomycin, and 0.1% 
2-mercaptoethanol were plated on 96-well tissue culture places 
(Corning Glass Works, Corning, NY) and cultured overnight at 
37°C in humidified 5% carbon dioxide to establish a monolayer. 
On the day of assay, the medium was removed and replaced 
with 80 uL of complete RPMI medium and actinomycin D (1.2 
_wg/mL). On parallel plates, serial dilution of samples and stan- 
dard (recombinant TNF-a) was performed with actinomycin D 
(1.2 pg/mL) in a total volume of 100 uL of complete media. 
Twenty microliters of samples and standard were transferred to 
the plates with L929 cells. The plates were incubated at 37°C in 
5% carbon dioxide fer 18 hours. Ten microliters of 3[4,5- 
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dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide (MTT; 
Sigma Chemical Co, St Louis, Mo) containing 6 mg/mL was 
added to each well. After incubation for an additional 4 hours, 
the supernatant was removed and 100 uL of isopropanol was 
added. Five minutes later, 100 wL of distilled water was added. 
The plates were read with an enzyme-linked immunosorbent 
assay (ELISA) plate reader (Molecular Devices, Menlo Park, 
Calif) at a wavelength of 570 nm with 690 nm subtraction. 


Bioassay for IL-6 


Interleukin 6 activity in serum samples was measured using a B.9 
hybridoma proliferation assay.” Briefly, 100 uL of serial dilutions 
of thawed serum samples were incubated in duplicate with 35 000 
B.9 cells in 100 pL of RPMI containing 10% fetal calf serum (heat 
at 56°C for 30 minutes for inactivation), 1% glutamine, 1% penicil- 
lin and streptomycin, and 0.1% 2-mercaptoethanol in 96-well tissue 
culture plates. After incubation for 4 days at 37°C in 5% carbon di- 
oxide, 10 uL of MTT (6 mg/mL) was added to each well. After 
4 hours of additional incubation, the supernatant was removed and 
100 uL of isopropanol was added, followed 5 minutes later by 
100 uL of distilled water. Cell proliferation was estimated colori- 
metrically with an enzyme-linked immunosorbent assay plate 
reader at a wavelength of 570 nm with 690 nm subtraction. Values 
for each sample were calculated using interpolation of data from 
four dilutions. 


Experimental Protocol 


Mice (N= 100) were randomly assigned to one of three differ- 
ent treatment groups: (1) animals receiving IL-1 (200 g/kg) in- 
traperitoneally (this dose was chosen based on work by Ozaki et 
al,” who showed that increased doses of IL-1 of up to 10 wg per 
mouse protected mice from gram-negative infection); (2) animals 
receiving LPS (1 mg/kg) intraperitoneally (previously shown by 
Fraker and Norton” to induce endotoxin tolerance); and (3) con- 
trol animals receiving PBS intraperitoneally for 3 consecutive 
days. On day 5, antimicrobial activity, cytokine production, and 
survival were determined in three sequential studies. Antimi- 
crobial activity was assessed in 24 mice (eight animals per group) 
by harvesting peritoneal cells and assaying them for superoxide 
anion production and C albicans phagocytosis. Cytokine produc- 
tion was determined in 30 mice (10 animals per group) after in- 
traperitoneal injection with 10 mg/kg of LPS. Blood samples were 
collected via tail vein 1, 2, and 4 hours after injection and assayed 
to determine TNF and IL-6 levels. Blood samples had been col- 
lected in sterile microcentrifuge tubes, centrifuged at 4°C, frozen 
immediately, and stored at —70°C until analysis. Survival was 
assessed in 46 mice after intraperitoneal injection with 50 mg/kg 
of LPS. 


Statistical Analysis 


Survival curves were calculated according to the m 
Kaplan and Meier.” Statistical comparisons of suryji 
were performed using the Mantel Cox log-rank t 
analysis of antimicrobial activity and serum cytoki 
performed using repeated measure analysis of Ẹafi 
were expressed as means+SEMs. > 






RESULTS 
Survival 


Pretreatment of mice with 1 mg/kg of LPS intraperito- 
neally for 3 consecutive days before lethal intraperitoneal 
injection of endotoxin (50 mg/kg) resulted in a significant 
survival advantage compared with pretreatment of control 
mice with PBS (100% survival vs no survival 96 hours after 
lethal injection, P<.001) (Fig 1). Mice previously treated 
with 200 g/kg of IL-1 also demonstrated a significant sur- 
vival advantage compared with control mice (33% survival 
vs no survival 96 hours after lethal injection, P<.01). 
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Fig 1.—Survival after an endotoxin (lipopolysaccharide [LPS]; 
squares) challenge. Pretreatment of mice with 1 mg/kg of LPS 
administered intraperitoneally for 3 consecutive da ys before a lethal 
intraperitoneal injection of endotoxin (50 mg/kg) resulted in a sig- 
nificant survival advantage compared with control mice (triangles) 
previously treated with phosphate-buffered saline (100% survived 
vs no survivors 96 hours after the lethal injection, P<.001). Mice 
previously treated with 200-wg/kg interleukin 1 (circles) also dem- 
onstrated a significant survival advantage compared with control 
mice (33% survived vs no survivors 96 hours after the lethal injec- 
tion, P<.07). 


Superoxide Anion Generation 


Macrophages generate superoxide anion in response to 
membrane-perturbing agents and phagocytosis. The 
magnitude of the response correlates with the microbi- 
cidal capacity of the activated macrophages. Figure 2 
shows the effect of pretreatment with IL-1, LPS, or PBS on 
the ability of peritoneal macrophages to generate super- 
oxide anion in response to phorbol myristate acetate. 
Pretreatment with IL-1 or LPS significantly increased su- 
peroxide anion release of peritoneal macrophages com- 
pared with pretreatment with PBS (2.48+0.37 nmol/ 
90 min per million cells with IL-1; 1.89+0.09 nmol/90 min 
per million cells with LPS; and 0.52+0.17 nmol/90 min per 
million cells with PBS; P<.01). 


Macrophage Phagocytosis of C albicans 


As shown in Fig 3, pretreatment with IL-1 significantly 
increased the capacity of peritoneal macrophages to 
phagocytose C albicans compared with pretreatment with 
PBS (P<.01). Pretreatment with LPS also significantly in- 
creased the capacity of peritoneal macrophages to phago- 
cytose C albicans (P<.01). 


TNF Levels 


As shown in Fig 4, mean levels of TNF in serum (ng/L) 
had significantly decreased 1 and 2 hours after an endo- 
toxin challenge in the group pretreated with LPS com- 
pared with the group pretreated with IL-1 and the control 
group (P<.05). The group pretreated with IL-1 had 
significantly increased mean levels of TNF in serum 
1 hour after lethal injection compared with the control 
group (P<.05) but had significantly decreased mean lev- 
els of TNF in serum compared with the control group 
2 hours after lethal injection (P<.01). 


IL-6 Levels 


The groups pretreated with IL-1 and LPS had similar 
mean levels of IL-6 in plasma, and these levels signifi- 
cantly decreased at all the time points tested compared 
with the control group (P<.01; Fig 5). 
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Fig 2.—Tae effect of pretreatment with interleukin 1 (IL-1), li- 
popolysaccharide (LPS), or phosphate-buffered saline (PBS) on the 
ability of peritoneal macrophages to generate superoxide anion in 
response to phorbol myristate acetate. Pretreatment with IL-1 sig- 
nificantly increased the superoxide anion release of peritoneal 
macrophages compared with pretreatment with PBS (2.48+ 
0.37 nme/90 min per million cells vs 0.52+0.17 nmol/90 min per 
million cells, P<.01). Pretreatment with LPS also significantly 
increased superoxide anion release compared with pretreatment 
with PBS (1.89+0.09 nmol/90 min per million cells vs 0.52+0.17 
nmol/90 min per million cells, P<.01). 
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Fig 3.— Macrophage phagocytosis of Candida albicans. Pretreat- 
ment with interleukin 1 (IL-1) significantly increased the capacity of 
peritonea! macrophages to phagocytose C albicans compared with 
pretreatment with phosphate-buffered saline (PBS; 46%+4% of or- 
ganisms phagocytosed vs 26%+3% phagocytosed; P<.01). Pretreat- 
ment with lipopolysaccharide (LPS) also significantly increased the 
capacity of peritoneal macrophages to phagocytose C albicans 
(65%+2% of organisms phagocytosed vs 26%+3% phagocytosed; 
P<.07). 


COMMENT 


Previous studies** have demonstrated that endotoxin 
toleranee develops after repetitive administration of 
low doses of LPS. The mechanism is unclear, but is 
thought to involve the modulation of macrophage 
function. More recently, the administration of IL-1 has 
been shown to provide protection against burn wound 
sepsis, gram-negative infection,” and cecal ligation 
with puncture.” The mechanism of this protection is 
unclear. The purpose of this study was to determine if 
prior administration of IL-1 may relate to the phenom- 
enon of endotoxin tolerance by studying its effects on 
macrophage function and circulating serum cytokine 
levels. In this study, daily pretreatment with IL-1 for 
3 days protected 33% of mice against the acute lethal 
effects of endotoxin. This was associated with in- 
creased superoxide anion production and increased 
C albicens phagocytosis by peritoneal macrophages. In 
addition, mean levels of IL-6 in serum had significantly 
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Fig 4.—Levels of tumar necrosis facter (TNF) after administration of 
lipopolysaccharides (LPS; squares). Mean levels of TNF in serum 
had significantly decreased 1 and 2 hours after administration of 
endotoxin in the group pretreated with LPS compared with the 
group pretreated with interleukin 1 (IL-1; circles; P<.05; 191+49 ng/L 
vs 2789+597 ng/L 1 hour after administration of endotoxin; and 
86+80 ng/L vs 349+72 ng/L 2 hours after administration of endo- 
toxin) and the group weated with phosphate-buffered saline (PBS; 
triangles; P<.05; 1614+260 ng/L 1 hour after administration of 
endotoxin; and 795+54 ng/L 2 hours after administration of endo- 
toxin). The group pretreated with IL-1 had significantly decreased 
mean levels of TNF in serum 2 hours after administration of endo- 
toxin compared with the group pretreated with PBS (349+ 74 ng/L vs 
795+54 ng/L; P<.01), but had significantly increased mean levels of 
TNF in serum compared with the group pretreated with PBS 1 hour 
after administration of endotoxin (2789+597 ng/L vs 1614+260 pg/L; 
P<.05). However, this increase was not statistically significant. 
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Fig 5.—Levels of interleukin 6 (IL-6) after administration of li- 
popolysaccharide (LPS). The groups pretreated with interleukin 1 
(circles) and LPS (squares) had significantly decreased mean levels 
of circulating IL-6 at all time points compared with the group pre- 
treated with phosphate-buffered saline (triangles; 52+3 ug/L and 


" 24+5 pg/L vs 6642 pg/L 1 hour after administration of LPS; 133+ 


16 pg/L and 121+25 ug’! vs 240+23 pg/L 2 hours after administration 
of LPS; and 105+11 wil and 92+5 g/L vs 321+61 ug/L 4 hours after 
administration of LPS; P<.01). 


decreased in the group pretreated with LPS compared 
with the control greup. 

Pretreatment with low doses of LPS induced endotoxin 
tolerance, which was associated with 100% survival after 
a lethal injection of endotoxin. Like IL-1, which has pro- 
tective effects, endctoxin tolerance was associated with 
the protective effects of increased superoxide anion pro- 
duction, increased C albicans phagocytosis by peritoneal 
macrophages, and decreased mean levels of IL-6 and TNF 


-.in serum after administration of LPS. 
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The macrophage plays a critical role in host defense.” 
The macrophage can phagocytose and kill foreign patho- 
gens by using oxidative pathways to produce superoxide 
anion that, in tura, eliminates certain pathogens.” In- 
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creased oxidative and nonoxidative metabolism second- 
ary to pretreatment with LPS or IL-1 could contribute to 
an improved immune response. This study demonstrated 
that pretreatment with LPS or IL-1 significantly increased 
macrophage respiratory burst activity and phagocytosis 
of the intracellular pathogen C albicans compared with 
pretreatment with PBS in the control group. Analysis of 
phagocytosis of C albicans was used to assess the overall 
functional capacity of the macrophage after administra- 
tion of LPS or IL-1. When phagocytic cells encounter cer- 
tain substances, they undergo a respiratory burst during 
which oxygen is taken up by the cell and enzymatically 
reduced to superoxide anion, hydrogen peroxide, and 
hydroxyl radical.” The capacity to respond to stimula- 
tion with increased release of reactive oxygen intermedi- 
ates constitutes the state of being primed. Interferon 
gamma™ and LPS* have been shown to prime macro- 
phages in vitro. Lipopolysaccharide and IL-1 used in in 
vivo pretreatment may act as priming agents, causing the 
increased release of reactive oxygen intermediates. Acti- 
vation of macrophages has also been shown to increase 
phagocytosis.” Therefore, pretreatment with LPS or IL-1 
in vivo may have activated macrophages, resulting in in- 
creased phagocytosis. 

It has recently been shown that alterations in the levels 
of circulating cytokines such as IL-6 and TNF occur shortly 
after a bacterial challenge. Monocyte-macrophage- 
derived polypeptide TNF-a plays an important role as a 
mediator of fatal bacteremic shock.” Infusions of recom- 
binant TNF-a into rodents,” dogs,™* or human subjects” 
reproduce many of the metabolic and physiologic de- 
rangements observed in severe infection. Inhibition of 
TNF-a by administration of specific antibodies against 
TNF-a protects animals from lethal endotoxemia or gram- 
negative sepsis.**” The development of endotoxin toler- 
ance has been associated with reduced levels of circulat- 
ing TNF.*® Our results confirm these findings. 
Pretreatment with low doses of LPS led to decreased se- 
rum TNF levels after lethal endotoxemia. Thus, part of the 
mechanism of endotoxin tolerance appears to involve a 
blockade of TNF production. Reduced peak levels of cir- 
culating TNF were not found after pretreatment with IL-1. 
This may explain the increased survival rates noted after 
pretreatment with LPS compared with pretreatment with 
IL-1. This would also imply a different mechanism for IL-1 
protection than for endotoxin tolerance. 

Another cytokine, IL-6, has also been suggested to have 
a critical role in acute infection.” Interleukin 6 is a 
cell-derived polypeptide that has been shown to be the 
major regulator of the acute-phase protein response dur- 
ing inflammation.” High levels of IL-6 in serum have been 
associated with death in patients with meningococcemia* 
and with gram-negative septic shock.” Elevated levels of 
circulating IL-6 have been noted in thermally injured pa- 
tients. Circulating levels of IL-6 in human volunteers 
have been found to peak 2 to 4 hours after an endotoxin 
challenge.“ This study demonstrated that pretreatment 
with low doses of LPS or IL-1 reduced circulating levels 
of IL-6 in serum after an endotoxin challenge. Baumgart- 
ner et alë demonstrated that anti-LPS antibodies mark- 
edly decreased levels of TNF and IL-6 in serum that were 
induced by a homologous endotoxin challenge and pro- 
tected mice from death. Fong et al* showed that treat- 
ment of baboons with monoclonal antibodies to TNF be- 
fore injection of a lethal dose of live E coli attenuated IL-6 
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production. This reduction of LPS or E coli-induced IL-6 
production may be a consequence of the reduced release 
of TNF associated with endotoxin tolerance because IL-6 
can be stimulated by TNF. This suggests that TNF is es- 
sential for the initiation or amplification of IL-6 release 
during lethal gram-negative septic shock. This does not 
explain the decrease in mean levels of IL-6, but not of 
TNF, in serum after pretreatment with IL-1. 

Starnes et al“ showed that administration of anti-IL-6 
monoclonal antibodies to mice subsequently challenged 
with lethal doses of intraperitoneal E coli or intravenous 
TNF-a protected mice from death. In addition, they 
observed that pretreatment of E coli-challenged mice with 
anti-IL-6 antibodies led to an increase in serum TNF bio- 
activity, implicating IL-6 as a negative modulator of TNF 
in vivo. Our study showed that pretreatment with IL-1 
was associated with reduced levels of circulating IL-6, in- 
creased levels of TNF in serum 1 hour after intravenous 
injection, and increased survival. Results of both the 
study by Starnes et al and our study suggest that IL-6 acts 
as a mediator in E coli infection and endotoxin challenge 
and that antagonists of IL-6 may be beneficial in endotox- 
emia. Starnes et al suggested that high levels of circulat- 
ing TNF and IL-6 may be required for the lethal effects of 
gram-negative bacteremia to develop because passive 
immunization against either cytokine increases survival 
after E coli administration. Our results support this 
hypothesis because the highest survival rates were asso- 
ciated with decreased mean levels of both of these cyto- 
kines in serum while the lowest survival rates were asso- 
ciated with increased levels of both these cytokines, and 
intermediate survival rates were associated with de- 
creased levels of IL-6 and elevated levels of TNF. 

An alternative explanation is that the lethal effects of 
TNF-a are mediated by IL-6, which is suggested by the 
fact that, after infectious challenges, IL-6 appears in the 
serum after TNF-a. Whether IL-6 alone or IL-6 in combi- 
nation with other factors have toxic effects on normal cells 
or tissues is unknown. 

Results of this study suggest that IL-6 may mediate 
some of the lethal effects of endotoxemia. Therefore, IL-6 
antagonists may be beneficial to the host during infection, 
and IL-1 may be of therapeutic value to patients, such as 
thermally injured patients, who are prone to developing 
life-threatening infections. 


This study was supported in part by the Georgene S. Harmelin 
Surgical Oncology Research Fund, Philadelphia, Pa. 
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Discussion 


NICHOLAS V. CHRISTOU, MD, PHD, Montreal, Quebec: I en- 
joyed seeing at least one paper on endotoxin tolerance in the pro- 
gram. It is an interesting phenomenon described almost a hun- 
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dred years ago, which has been underaddressed, if I can use that | a 


terminology, by us. 

I will start with a conclusion and work backward. You seem 
to imply that microbicidal activity has been demonstrated here. 
You only show increased phagocytosis and increased superox- 
ide production. I wonder if you went one step further and 
showed that the Candida was actually killed by the macrophage. 
Leaving that aside, I agree that the mechanism for tolerance is 
different using IL-1 vs using LPS to pretreat the animals. The 
question is what is the mechanism, and have you done further 
work in this area? 

You make the assumption that IL-6 is detrimental for the host. 
Probably, as a general assumption, it is good. The question is at 
what level is it bad for you? Interleukin-6 has been conserved just 
like TNF. Recent evidence suggests it is essential for the acute- 
phase protein response. In particular, it produces alpha-2-macro 
globulin, which in itself acts as a cytokine scavenger and regu- 
lates the inflammatory response. The question, of course, is how 
much IL-6 do you need, and when do you overshoot? 

If you know the correct level, then you can perhaps propose 
pretreating high-risk patients, at least patients who are likely to 
develop bacteremia or an infectious episode with either LPS or 
IL-1 to try to prevent the mortality that ensues following a mas- 
sive infectious challenge. If you could do that, what would you 
choose? Would you choose the LPS route, or would you choose 
the IL-1? 

TIMOTHY BILLIAR, MD, Pittsburgh, Pa: One potential mecha- 
nism of tolerance of endotoxin and cytokines is the induction of 
cyclooxygenase products and prostaglandin specifically. Have 
you had the opportunity to look at the production of prostaglan- 
dins either by the macrophages that you took out of these ani- 
mals or by using substances such as indomethacin to inhibit 
prostaglandin production in the development of tolerance? 

PAUL BANKEY, MD, Minneapolis, Minn: How did you choose 
the dose of IL-1 to induce the tolerance as well as the dose of LPS? 
Why did you chose 3 days to induce the tolerance, if there is a 
more rapid induction with different time courses? 

DR LEON: We have not looked at Candida albicans killing, 
although we plan to do so in the future. The mechanism for en- 
dotoxin tolerance and IL-1 protection is still unclear. We have 
shown that both phenomena are associated with decreased se- 
rum levels of IL-6, which may be of benefit to the host. Recent 
experiments by Dr Starnes and his colleagues at Stanford have 
shown an increased survival in septic mice following treatment 
with monoclonal antibodies to IL-6. 

I believe that other animal models of sepsis need to be tested 
before I would recommend treatment with IL-1 or low-dose en- 
dotoxin. Further experiments would also need to be done to de- 
termine the most efficacious dosing schedules. We have not 
looked at the effect of pretreatment with IL-1 on cyclooxygenase 
products. Other investigators have shown that endotoxin toler- 
ance is associated with decreased levels of serum PGE-2. 

The dosage schedules we used were from previous published 
reports of murine models of endotoxin tolerance. The dosing 
schedule for IL-1 was the same as for low-dose endotoxin so that 
we could better compare both treatments. 
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@ Macrophage hyperactivity with increased production of 
tumor necrosis factor, interleukin 6, interleukin 1, and 
prostaglandins has been demonstrated in the injured pa- 
tient, but the effect of this on the clinical outcome is 
unclear. We studied the effect of combination interleukin 
1B and indomethacin sodium therapy on macrophage 
hyperactivity and survival after sepsis in a murine burn 
model. Macrophage interleukin 1, interleukin 6, and tumor 
necrosis factor a production were all significantly increased 
10 days after thermal injury. Treatment with recombinant 
human interleukin 18 in combination with indomethacin 
significantly reduced this overproduction of cytokines to 
normal levels, and this was associated with an improvement 
in survival after septic challenge (52% survival in interleu- 
kin 18—indomethacin-treated group compared with 22% in 
burned vehicle control mice). Burned mice that received 
either interleukin 18 or indomethacin alone demonstrated 
tumor necrosis factor and interleukin 6 production and 
survival intermediate between the interleukin 1ß8- 
indomethacin-treated group and the vehicle control group. 
Control of macrophage hyperactivity is associated with im- 
proved survival from subsequent sepsis and offers a poten- 
tial new strategy for the treatment of immune dysfunction 
in thermally injured patients. 
(Arch Surg. 1992;127:152-158) 


N ormal macrophage function has long been recog- 
nized as fundamental for the normal activity of 
the immune system.! Macrophages play an essential 
role in antigen presentation to T cells, in phagocytosis 
of bacteria and compounds foreign to the body, in 
cytotoxic reaction against tumor cells, and in the pro- 
duction of cytokines. Macrophages secrete a variety of 
cytokines,? among the most important of which are 
interleukin 1 (IL-1), interleukin 6 (IL-6), and tumor 
necrosis factor a (TNF-a). These cytokines demonstrate 
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multipE actions, many of which overlap and synergize 
with each other.’ While many of their actions are ben- 
eficial æ the host, it is apparent that these cytokines 
may also produce harmful effects. Tumor necrosis fac- 
tor a may account for many of the manifestations of 
endotozic shock, and the administration of TNF-a to 
an experimental animal produces a syndrome indistin- 
guishable from that of sepsis.* Elevated serum TNF, 
IL-1, oz IL-6 levels are indicators of poor prognosis in 
patients with sepsis, and antibodies to either IL-6 or 
TNF-a improve survival in acute sepsis or endotox- 
emia.” Chronic low-grade TNF-a production leads to 
cachexia. Hyperactivity of the phagocyte has been im- 
plicated as a major cause of host morbidity and mor- 
tality im sepsis,? and many of these effects may be 
mediated by an inappropriate secretion of inflamma- 
tory cytokines. 

Macrophage dysfunction resulting in defective cell- 
mediated immunity occurs after thermal injury.’? An ab- 
normal macrophage response may be induced by dam- 
aged tissue proteins from the wound, lymphokines or 
monok-mes, endotoxin, or other bacterial products. Mac- 
rophag=s isolated from patients with major trauma exhibit 
enhanced production of inflammatory cytokines.” 

While many studies have evaluated the effects of acute 
sepsis æ endotoxemia on macrophage cytokine output in 
previously normal persons, little is known about the ef- 
fect of sustained macrophage cytokine overproduction in 
disease Furthermore, although considerable attention 
has been paid to the effects of antagonizing the effects of 
cytokines in acute septic states,*” there are no previous 
attemp to down regulate the sustained macrophage 
overpreduction of cytokines seen after major injury. 
Interleukin 1 and indomethacin have been used success- 
fully asammunomodulators in burn models, and prelim- 
inary results from our laboratory suggested a possible role 
of these agents in the down regulation of macrophage cy- 
tokine >roduction after a burn. The object of this study 
was to establish that macrophage cytokine production is 
enhanced after thermal injury in an animal model, to 
evaluate whether this may be down regulated by treat- « 
ment wath interleukin 18 and indomethacin sodium, and 
to determine whether such a therapeutic reduction in 
macrophage cytokine production is associated with an 
improvement in survival from subsequent sepsis. 
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MATERIALS AND METHODS 
Burn Injury 


All procedures were carried out after review and with permis- 
sion of the Harvard Medical School’s Standing Committee on 
Animal Research, Boston, Mass. As previously described,” 
8-week-old male A/J mice (Jackson Labs, Bar Harbor, Me) were 
randomized to receive either sham burn or burn injury. A stan- 
dard 20% full-thickness scald burn to the dorsum was adminis- 
tered by inducing general anesthesia with pentobarbital sodium, 
shaving the dorsum of the mouse, placing the mouse in a plastic 
template, and immersing for 9 seconds in water at 90°C. Mice 
were resuscitated with 1 mL of saline after the burn. Sham- 
burned mice underwent the same procedure but were immersed 
in thermoneutral water. 


Septic Challenge 


A septic challenge was administered by means of a standard 
cecal ligation and puncture technique. With the mouse under 
anesthesia, as above, the cecum was delivered through a mid- 
line incision, ligated at its base, and punctured twice with a 25- 
gauge needle, allowing expression of feces. The abdomen was 
closed and the mouse resuscitated with 1-mL 0.9% saline. Sur- 
vival after the septic challenge was determined. Cecal ligation 
and puncture alone resulted in less than 10% mortality. One 
hundred seventy-eight mice received either sham burn or burn 
injury. These mice were ther divided into two major experi- 
mental groups. In the first experiment, the effect of recombinant 
human interleukin 18 and imdomethacin therapy on macro- 
phage cytokine production after thermal injury was determined. 
The burned mice were randomized into groups carefully 
matched for weight to receive intraperitoneal injections of (1) 
0.1 pg of recombinant human interleukin 18 plus 5 pg of 
indomethacin sodium (n= 23), (2) 0.1 wg of recombinant human 
interleukin 16 plus saline vehicle (n = 10), (3) 5 pg of indometha- 
cin sodium plus dextrose vehicle (n= 10), or (4) dextrose plus 
saline vehicle control (burned vehicle control [BVC] group, 
n=23). In this way, all mice received 0.1 mL/d each of 0.9% sa- 
line and 5% dextrose. Sham-burned mice (n = 18) received vehi- 
cle control only. Injections were given intraperitoneally daily 
from day 1 to day 7 inclusive after the burn. After 3 days’ rest, 
mice were killed on day 10, splenocytes harvested, and cytokine 
production determined. 

In the second experiment, it was determined whether any 
changes in cytokine production seen in the first experiment were 
associated with an improvement in survival when these mice 
treated as above were subjected to a septic challenge. Burned 
mice were subjected to a septic challenge in the form of a cecal 
ligation and puncture on day 10, and survival thereafter was de- 
termined. Each experiment was repeated and the results com- 
bined. 


Adherent Splenocyte Culture 


Mice were killed 10 days after thermal injury, and splenocytes 
isolated and cultured as previously described.” Adherent cells 
were selected by culturing splenocytes at a concentration of 
1 x 10’/mL in 96-well microtiter flat-bottomed plates for 1 hour at 
37°C in RPMI medium with glutamine, penicillin, streptomycin, 
HEPES buffer, and mercaptoethanol additives in the presence of 
5% heat-inactivated fetal calf serum. Plates were washed three 
times to remove nonadherent cells, and the adherent cells were 
then cultured in fetal calf serum-free medium in the presence of 
Salmonella typhimurium lipopo'ysaccharide (LPS, Sigma Chemi- 
cal Co, St Louis, Mo) at a concentration of 25 mg/L. After 24 
hours, supernatants were removed and tested for monokine 
production. In pilot studies, these conditions had been shown 
to induce maximal monokine output in our model. To ensure 
that there were no differences in adherence of macrophages from 
each study group, the protein content of the adherent-cell 
monolayer was tested. After removal of the supernatants, plates 
were washed with phosphate-buffered saline, and the cells lysed 
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with 0.1N sodium hydroxide. Protein concentration was deter- 
mined using the micro-bicinchoninic acid assay (Micro-BCA, 
Pierce, Rockford, Ill). Preliminary studies in our laboratory had 
shown that this method correlates well with the number of ad- 
herent cells per well. 


IL-1 Bioassay 


Supernatants were tested for IL-1 using a CTLL-2/NOB-1 bio- 
assay.” Briefly, 1 x 10° NOB-1 cells and 5 x 10° CTLL-2 cells were 
added in 100 pL of medium per well to 96-well plates as above. 
Supernatants were added to wells in serial dilutions from 1:2 to 
1:128. Plates were incubated for 20 hours at 37°C in the presence 
of 5% carbon dioxide, pulsed with tritiated thymidine ('HTdr, 
New England Nuclear, Boston, Mass), 3.7 x 10* Bq per well, and 
incorporation of tritiated thymidine was determined using a liq- 
uid scintillation counter (LKB Instruments, Gaithersburg, Md). 
Interleukin 1 was then calculated using probit analysis. 


IL-6 Bioassay 


Interleukin 6 production was determined using the IL-6- 
dependent B9 cell line. Supernatants were serially diluted as 
above, and after equilibration at 37°C and 5% CO, for 1 hour, 
5 x 10° B9 cells per well were added. Plates were incubated for 68 
hours, followed by the addition of 125 pg per well of 3-(4,5- 
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
for 4 hours. After 4 hours, cells were solubilized by the addition 
of 10% acidified sodium dodecyl sulfate, and uptake of MTT was 
determined in an automated enzyme-linked immunosorbent 
assay (ELISA) reader (Molecular Devices, Mountain View, Calif) 
at 570 nm, using 650 nm as reference. Interleukin 6 production 
was calculated from standard curves as above. 


TNF ELISA 


Tumor necrosis factor was measured using a “sandwich” 
ELISA technique as modified from Sheehan et al. Briefly, ad- 
herent cell supernatants were incubated in 96-well ELISA plates 
coated with hamster monoclonal anti-murine TNF-a antibody 
(Genzyme, Boston, Mass). The plates were washed and incu- 
bated sequentially with rabbit polyclonal anti-TNF-« antibody 
(Genzyme), and alkaline phosphatase-conjugated goat anti- 
rabbit IgG (Boehringer Mannheim, Indianapolis, Ind). The alka- 
line phosphatase-linked antibody was then detected at 400 nm 
after incubation with the phosphatase substrate p-nitrophenyl 
phosphate disodium (Sigma). 


Other Splenocyte Assays 


Interleukin 2 production in response to 2.5 mg/L of concanava- 
lin A and mitogen responses to 5 mg/L of phytohemagglutinin 
(both Sigma) were determined in a population of unselected 
splenocytes as previously described.’ Supernatant prostaglan- 
din E, (PGE,) levels were determined using a commercially 
available radioimmunoassay kit (Advanced Magnetics Inc, Cam- 
bridge, Mass). 


Therapeutic Agents 


Recombinant human interleukin 18, containing less than 50 
pg/mL of endotoxin, was diluted with 5% dextrose. Indometha- 
cin sodium trihydrate (Merck & Co Inc, West Point, Pa) was di- 
luted in 0.9% saline. 


Statistics 
Cytokine production, PGE, production, and T-cell mitogen 
responses were compared using the Mann-Whitney U test for 
nonparametric data. For survival data, Kaplan-Meier survival 
analysis was used, with z and P values obtained using the Ge- 
han statistic. Data are indicated as significantly different if 
P<..05, 
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Sham Burn 


Fig 1.— Effect of burn injury (n=23) on adherent splenocyte secre- 
tion of interleukin 1 (closed bars, units per milliliter), tumor necro- 
sis factor a (shaded bars, picograms per milliliter x 102), and inter- 
leukin 6 (open bars, units per milliliter x10) in response to 
Salmonella typhimurium /ipopolysaccharide in culture. All three 
monokines were significantly increased over values in cultures from 
sham-burned mice (asterisk indicates P<.01, n= 18). 


RESULTS 
Monokine Secretion 


Interleukin 1, IL-6, and TNF-a production by LPS stim- 
ulated adherent splenocytes, was significantly increased 
in the BVC mice when compared with similarly treated 
sham-burned mice (Fig 1). Median IL-1, TNF-a, and IL-6 
production (Table) by cells from burned mice was mark- 
edly increased compared with values from sham-burned 
mice. Therapy with indomethacin alone reduced IL-1 se- 
cretion significantly, but only interleukin 1f- 
indomethacin therapy significantly reduced IL-1, TNF-a, 
and IL-6 cytokine production when compared with 
burned untreated mice. Although IL-1 production was 
still increased in the interleukin 18-indomethacin-treated 
group compared with the sham group, neither IL-6 nor 
TNF-a production was different from controls in this 
group (P=.06 and P=.08, respectively). Mice receiving 
either interleukin 1 alone or indomethacin alone had 
TNF-a or IL-6 production not significantly different from 
BVC mice, but in each of the former groups there was a 
trend toward down regulation of cytokine production. 

Prostaglandin E, production by LPS-stimulated adher- 
ent splenocytes was significantly increased in BVC mice 
when compared with the sham-treated group (median, 38 
vs 19 pg/mL; P=.03). Although mice receiving indo- 
methacin alone had lower PGE, production than the BVC 
group (22 pg/mL; P=.03), neither the interleukin 1ß- 
indomethacin-treated group (37 pg/mL) nor the group 
given interleukin 1B alone (26 pg/mL) had lower values 
than the BVC group. 

There were no differences in the number of adherent 
cells per well in the different treatment groups as mea- 
sured by the micro-bicinchoninic acid assay. 


T-Cell Response 


There was significant suppression of the T-cell mitoge- 
nic response to phytohemagglutinin in the BVC group 
when compared with the sham treatment group (median 
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BVC, 58500 cpm; median sham, 85010 cpm; P<.005), but 
this was not improved by interleukin 18-indomethacin 
treatment (median, 55540 cpm). There were no differ- 
ences in IL-2 production between any of the groups (me- 
dian value, sham, 1.98 U/mL; BVC, 2.41 U/mL; interleu- 
kin 18B-indomethacin-treated group, 2.0 U/mL). 


Survival 


Survival after cecal ligation and puncture (Fig 2) was 
significantly reduced after the burn when compared with 
the sham-burned group (22% vs 80%; P<.001). Survival 
was significantly improved in the burned mice by therapy 
with interleukin 1B-indomethacin (52% vs BVC; P05). 
Survivals in the groups given interleukin 18 alone (31%) 
or indomethacin alone (27%) were not significantly dif- 
ferent from survival of BVC mice. Mortality due to the 
burn alone was 7%, and there were no differences 
between groups. 


COMMENT 


In this study, we have shown that TNF-a, IL-1, and IL-6 
production from adherent cells is significantly increased 
in an animal model of thermal injury. The findings are 
consistent with the observation that serum levels of these 
cytokines are increased after thermal injury.‘ Control of 
abnormal monokine production with interleukin 1p- 
indomethacin therapy was associated with improved re- 
sistance to sepsis. Our results do not necessarily imply 
that IL4, IL-6, and TNF-a are all detrimental to the 
burned host, but rather indicate the occurrence of a glo- 
bal macrophage activation with overproduction of many 
substances, some of which may have net beneficial 
effects, and some detrimental. The overall effect of 
prolonged macrophage hyperactivity appears to be detri- 
mental, and its down regulation with interleukin 1f- 
indomethacin therapy is associated with improved sur- 
vival. 

Increased monokine production by macrophages was 
seen in mice 10 days after the burn before septic challenge. 
Studies were performed at 10 days, as this corresponded 
with the peak mortality from sepsis previously shown in 
this model,” but it is likely that macrophage activation is 
sustained for many days or weeks after the injury. Stim- 
ulation of the macrophage may represent an attempt of 
the injuzed host to adapt to an injury. There are undoubt- 
edly certain advantages gained by the patient in doing so. 
Bacterial phagocytosis may be increased. Cytokines such 
as IL-1 cr TNF-a may have beneficial effects.'>!° Kupffer’s 
cells have been shown to regulate the hepatocyte acute- 
phase response,” and their activation may initiate this re- 
sponse, resulting in the mobilization of protein and glu- 
cose stores for ready utilization as well as the release of 
immunologically active acute-phase proteins. 

The prolonged macrophage activation seen after major 
burns or trauma, however, also exerts detrimental effects 
on the host. The continuing acute-phase response leads 
to inappropriate hypercatabolism with rapid loss of body 
protein and is ultimately harmful. Tumor necrosis factor 
produced by alveolar macrophages may result in the de- 
velopment of the adult respiratory distress syndrome," 
while macrophage activation has been implicated in the 
development of multisystem organ failure." This excess 
macrophage activation seems to be inappropriate in the 
context əf today’s intensive care setting, where adequate 
nutritional and antimicrobial support may be adminis- 
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Range 
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Interleukin 1B + indomethacin sodium (n= 23) 
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Median 
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Interleukin 1, Indomethacin, or Interleukin 1 Plus Indomethacin 
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*IL-1 indicates interleukin 1; TNF, tumor necrosis factor a; and IL-6, interleukin 6. Indomethacin sodium was used. Values are 


mean + SEM. 


+P=.038 compared with vehicle control-treated burned mice, Mann-Whitney U test. 


+P= 002. 
§P=.04. 

IP= .0001. 
{P= .0007. 


% Survival 





Days After CLP 


Fig 2.— Survival after burn—cecal ligation and puncture (CLP) in mice 
treated with vehicle control (closed circles, n=24), interleukin 18, 
0.1 wg/d (triangles, n= 13), indomethacin sodium, 5 g/d (open cir- 
cles, n= 15), or 1 wg of interleukin 1B plus 5 wg of indomethacin so- 
dium (squares, n=23) for 6 days after burn. Cecal ligation and 
puncture was performed on day 10 after burn and survival observed 
for 10 days after CLP. Therapy with interleukin 1B plus indometha- 
cin significantly improved survival (P<.05), while others did not. 


tered. By causing multisystem dysfunction, this phenom- 
enon may render the host more susceptible to the effects 
of subsequent bacterial invasion. The use of interleukin 18 
in combination with indomethacin after the burn resulted 
in the control of this abnormal cytokine production, and 
this was associated with an improvement in survival 
when the mice were subjected to a septic challenge. Down 
regulation of monokine production may not only prevent 
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harmful effects from individual monokines but also the 
consequences of synergistic toxicity among cytokines. 
Although therapy did not reduce PGE, production in our 
study, PGE, levels were near the lower limit of detectabil- 
ity of our assay. The beneficial effects of therapy could not 
be explained by improvement in the T-cell mitogen 
response or IL-2 production. Mice treated with interleu- 
kin 18 or indomethacin alone showed a tendency toward 
reduction in monokine output and similar reductions in 
mortality from sepsis, though these failed to reach statis- 
tical significance (P>.05). 

Interleukin 1a has previously been used successfully to 
reduce mortality from sepsis in a burned mouse model.” 
Although IL-1 may mediate acute metabolic changes in 
inflammation,” it also has beneficial effects, for example, 
on hemopoiesis and lymphocyte function.”’” Indeed Sil- 
ver et al’ have suggested a variety of possible benefits in 
burns. However, the ability of IL-1 to control monokine 
overproduction has not been previously demonstrated. It 
may be that the administration of interleukin 18 to burned 
mice may down regulate unwanted cytokine production 
while maintaining the beneficial effects of IL-1. Indeed, 
the administration of indomethacin and the down regu- 
lation of TNF-a may reduce the detrimental consequences 
of IL-1” with a relative increase in beneficial effects. 
Therapy did not abolish monokine production but rather 
modulated it and reduced it toward normal. This is 
important, as it is likely that a certain level of monokine 
production is necessary for a normal immune response. 
Indeed, macrophage blockade is associated with in- 
creased mortality from sepsis in normal mice.” 

Our data suggest that interleukin 18 and indomethacin 
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have independent and synergistic actions resulting in the 
down regulation of the macrophage. This is somewhat 
unexpected based on current in vitro data. Prostaglandin 
E, has been shown to cause inhibition of macrophage IL-1 
and TNF-a production in vitro.” However, these ex- 
periments have been performed on macrophages from 
normal subjects, and there are a number of explanations 
why this may not occur with indomethacin treatment af- 
ter a burn. First, macrophages from injured patients may 
become insensitive to the inhibitory effects of PGE,," and, 
indeed, elevated cytokine production may occur in the 
face of elevated PGE, production. In fact, our burned un- 
treated mice showed simultaneous elevation of PGE,, 
TNF-a, IL-1, and IL-6 production. Second, the action of 
PGE, on macrophages is governed by a complex dose- 
response curve, and PGE, may have stimulatory activity 
under certain conditions.” In preliminary studies, we 
have seen an augmentation of TNF-a production in mac- 
rophages from burned mice on exposure to low-dose 
PGE,, and it may be quite difficult to predict the effect of 
modulating PGE, production in vivo after a burn. 

The other intriguing possibility is that loss of sensitivity of 
macrophages to the inhibitory effects of PGE, in vivo after 
injury leads to their uncontrolled activation and Overpro- 
duction of monokines. Spengler et al have demonstrated 
that the pretreatment of macrophages with indomethacin in 
vitro is associated with an enhancement of PGE,-induced 
suppression of TNF-a production. The restoration of PGE, 
sensitivity in the macrophage by indomethacin therapy may 
lead to a recovery of macrophage control and the down reg- 
ulation of cytokine production. 

Although a single dose of interleukin 1 has been 
shown to induce the production of IL-1, IL-6, and 
TNF-a in vivo,” the effects of repetitive daily doses 
may be different. When endotoxin is administered to 
mice, high serum levels of TNF-a are seen after the 
initial dose, but TNF-a is markedly reduced after the 
second and subsequent doses.*! Although IL-2 is a 
T-cell stimulant, we have seen that repetitive IL-2 in- 
jections actually lead to a decrease in IL-2 production.” 
It is possible that such an inhibition of monokine se- 
cretion may occur in response to repetitive interleukin 
1 injections in our study. Furthermore, the effect of 
interleukin 1 on macrophages that are already mas- 
sively stimulated after a thermal injury is unknown 
and may not be the same as the response in the nor- 
mal macrophage. Indeed, certain cytokines may mark- 
edly influence the effect of interleukin 1 on IL-1 pro- 
duction, and paradoxical effects of interleukin 1 on 
the macrophage may occur with the complex alter- 
ations in the cytokine environment that occur after the 
burn. 

Another possibility is that the administration of inter- 
leukin 18 in vivo may mediate down regulation of the 
macrophage by an indirect mechanism. Corticosteroids 
down regulate IL-1 and TNF-a production in vitro, and 
IL-1 in vivo may induce the release of hydrocortisone by 
a corticotropin-dependent mechanism.* Although this 
may contribute to the effects seen in our model, it is un- 
likely to be completely responsible. Steroids that are 
already produced in large quantities after the burn do not 
improve survival in sepsis” and are unlikely to explain the 
improved survival in our model. Interleukin 4 is an inter- 
esting possibility as a mediator of the effects that we have 
seen with recombinant human interleukin 18. Interleukin 
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4 is produced by T2 helper cells, and clonal expansion of 
T2 helper cells is stimulated by IL-1.” Interleukin 4 can 
down r=zulate IL-1, IL-6, and TNF-a production, while 
maintaining many beneficial effects of the macrophage. 
The role of IL-4 after thermal injury is unknown, and we 
are examining this. The effects of interleukin 18 and in- 
domethacin on the macrophage after the burn are com- 
plex and incompletely understood. Neither significantly 
reducec nonokine production when used alone, but they 
did so when acting in combination. 

Altha: gh our results do not conclusively prove that 
control cf macrophage hypersecretion is responsible for 
the improvement in survival, it is reasonable to conclude 
that it may play a significant role. Control of sustained 
macropaage hyperactivity offers a potential new strategy 
for the t2atment of immune dysfunction in the thermally 
injured patient. 
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Discussion 


PALMER Q. BESSEY, MD, St Louis, Mo: The data we have just 
heard are certainly appealing, because they are so consistent 
with some of our developing concepts about the mechanisms 
underlying critical illness, organ failure, and death, specifically, 
the initial insult and responses thereto. Although these re- 
sponses may be associated with recovery, they also sometimes 
may be looked at as setting up an endogenous suicide capsule, 
which can be released and unleashed after a second insult, and 
flood the system with toxic cytokines, wrecking the machinery 
and leading to death. However, we should still be somewhat 
cautious before linking Dr Rodrick and O’Riordain’s observa- 
tions in vitro with their observations in vivo. 

Do you have any information on the effect of interleukin 1 and 
indomethacin treatment on other inflammatory cell types, other 
host defense mechanisms, or even other macrophage functions 
in this burn model? 

Could there be other factors that perhaps have contributed 
besides just the reduction of the cytokine release in vitro? Do you 
have some dose-response data in this prep or some other infor- 
mation that would help us understand whether this hyperactiv- 
ity that you describe in cytokine release is a result of either 
heightened sensitivity to LPS, perhaps a “receptor” effect, or an 
enhanced capacity for cytokine synthesis and release —more of 
a “postreceptor” phenomenon? 

Were there other factors, perhaps, in the way the animals were 
treated and how they did that might have contributed to the dif- 
ferences you saw in survival, such as food intake, for example? 

Finally, did you by any chance study macrophages from an- 
imals after they had cecal ligation and puncture? Was the hyper- 
activity of these macrophages further heightened or were the 
cells burned out? 

I find these results quite encouraging. As you know, one of the 
concerns that we have nagging and lurking in the shadows of all 
of our attempts to manipulate these responses is that if you go 
tampering with a system that has evolved over eons, perhaps 
you are just courting disaster. You don’t mess with mother na- 
ture very lightly. Certainly, Dr O’Riordain, Dr Rodrick, Dr Man- 
nick, and their associates have shown that treatment of these 
animals can result in improved survival and improve the ability 
to withstand the second septic challenge. Maybe we can help 
Mother Nature after all. 

PER-OLOF HASSELGREN, MD, Cincinnati, Ohio: Did you per- 
form these experiments in a block design? That is, did you gen- 
erate survival rates during the same time period? I ask that be- 
cause the CLP model is associated with a rather large variation 
in terms of survival from one month to another. 

HARVEY J. SUGERMAN, MD, Richmond, Va: In the previous 
studies from our laboratory in our porcine septic model, we also 
found a decreased production of TNF-a following pretreatment 
and posttreatment with ibuprofen, another prostaglandin 
blocker. So, it is nice to see your data confirming that you can 
reduce cytokine, or at least TNF-a production, with the admin- 
istration of a prostaglandin blocker, although down the hall from 
you in another laboratory, they found no decrease and in some 
instances increases in production of TNF-a when the prostaglan- 
din blockade was induced. 

I wonder if you measured prostaglandin levels in the animals 
given indomethacin to assure that you had a complete blockade 
and whether the absence of a statistically significant difference 
with indomethacin alone might not have been a type II statisti- 
cal error. 
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MICHAEL A. WEST, MD, Minneapolis, Minn: In my review of 
the literature with respect to cytokine production, interactions 
with prostaglandins, and regulation of cytokine production by 
interleukin 1, I am a little surprised that in giving the indo- 
methacin and interleukin 1 that you saw decreases in cytokine 
production. Prostaglandin E, has been associated with down 
regulation of the response to LPS and decreased production of 
some of these cytokines, and interleukin 1 has either augmented 
or inhibited production of various cytokines, depending on the 
experimental model. In your hands the prostaglandin syn- 
thetase blockers decreased mortality, but Iam curious as to what 
you think the mechanism might be. 

DR RODRICK: We have looked at other doses. We found that 
0.1 ug was the best dose. We looked 0.01 and 1 wg and in fact 
we have found, as have other investigators with most other cy- 
tokines, that larger doses have a tendency to cause more mor- 
tality in this model. 

We have not looked at other cytokines produced by the 
monocyte. We have looked at prostaglandin levels and we have 
found the PGE, levels are increased after burn injury. PGE, lev- 
els were decreased but not significantly by interleukin 1 plus in- 
domethacin. Again, because of the wide variation found, we did 







the articular tubercle. 
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Anatomical Axiom 


In man, an articular disc implies two types of movement, one on each side 
of the disc. In the lower cavity, simple hinge movements between the head 
and disc occur; in the upper cavity, the disc amd head together glide on 


not find a statistically significant decrease, although the decrease 
was abot 50%. We did find an effect of indomethacin. 

One of the questions about prostaglandins affecting IL-1 is a 
questior: -hat we have grappled with ourselves because pros- 
taglandins have been shown to down regulate IL-2 and IL-1 as 
a negatiwe feedback on the macrophage. However, there is also 
very interesting data from Dr Stephen Kunkel’s group that has 
shown taat prostaglandins may cause these cells, like LPS, to 
become sensitive to PGE, so that the IL-1 may be produced 
because » the high level of PGE, which has actually down reg- 
ulated tke ability of the cell to be tolerized for cytokine produc- 
tion. Th= may be one of the mechanisms of action for indo- 
methacim in this model. It may down regulate the production of 
PGE,, allowing the cell to make enough cytokine to work. As Dr 
Mannick nentioned this morning, if you decrease TNF-a too 
much by giving anti-TNF, you may cause a higher mortality in 
our anin] model and in several other animal models that have 
recently œen reported. 

Indomethacin alone decreased IL-1 production, an effect that 
we were] t totally expecting. However, it had no effect on sur- 
vival, so we do think that it is necessary to have two substances, 
both the cytokine and the prostaglandin inhibitor. 
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Candida Infection With and Without Nystatin Prophylaxis 
An 11-Year Experience With Patients With Burn Injury 


Manc H. Desai, MD; Randi L. Rutan, RN, BSN; John P. Heggers, PhD; David N. Herndon, MD 


e The incidence cf opportunistic infections after thermal 
injury is high. Since 1985, we have been practicing Candida 
prophylaxis using nystatin “swish-and-swallow” and topical 
therapy. Patients treated between 1980 and 1984 served as 
controls and rece ved no Candida prophylaxis. Although 
mean burn size, full-thickness injury, and age were compa- 
rable, the incidence of Candida colonization (26.7% vs 
15.6%), infection 121.3% vs 10.0%), and sepsis (12.2% vs 
none) was signifscantly different between control and 
nystatin-treated groups, respectively. With prophylaxis, the 
incidence of Candia wound infection has been significantly 
reduced, and systemic candidiasis has been eradicated, elim- 
inating the need for toxic systemic antifungal agents. 
(Arch Surg. 1992;127:159-162) 


A the use of broad-spectrum antibiotics became prev- 

alent, Candida emerged as one of the frequent 
opportunistic etiologic agents of sepsis and death in pa- 
tients with burn injury. Immunosuppression, frequent 
use of broad-spectrum antibiotics and multiple invasive 
catheters, and the cifficulty of providing adequate enteral 
nutrition predispose severely burned patients to oppor- 
tunistic fungal infections. 

Spebar and Pru:tt’ reported 30% Candida colonization in 
1513 patients. Of these patients, 52 (3.4%) developed 
Candida septicemia, and more than 75% of the patients 
with septicemia died. Culturing described by MacMillan 
et al yielded Cendida in 271 patients (63.5% of the 
reviewed population). Twenty-two patients (8%) devel- 
oped candidemia, and 11 of these 22 patients died. Prasad 
et al’ reported cul-ures positive for Candida in 233 (13.5%) 
of 1722 patients. Of the patients showing colonization 
with Candida, 30% developed candidemia, and half of 
those patients died. Our own observation’ of Candida col- 
onization in 122 (31%) of 393 patients with burns, devel- 
opment of sepsis in 21 (17%) of these 122 patients, and 
sepsis-related death of three of these 21 patients, in addi- 
tion to the risks associated with systemic antifungal treat- 
ment, led us to investigate fungal prophylaxis. 

This study was conducted to review the efficacy of more 
than 5 years of Caadida prophylaxis in preventing Candida 
infections and septicemia in patients with burn injury. 
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MATERIALS AND METHODS 


All patients admitted to Shriners Burns Institute-Galveston 
(Tex) received replacement fluid in amounts calculated using a 
standard formula and maintenance fluid administered in 
amounts calculated using a standard post-resuscitation for- 
mula.‘ Intravenous intake was rapidly substituted with enterally 
administered solutions, principally milk, to deliver sufficient 
calories daily so that calculated requirements based on age- 
appropriate formulas for body surface area were met.‘ Qualita- 
tive cultures of the throat, rectum, wound, skin, urine, and stool 
were performed on admission, and one burn wound biopsy 
specimen was harvested for every 18% full-thickness wound. 
Surveillance cultures were performed three times weekly and 
included qualitative wound, urine, and sputum cultures. Blood 
cultures were performed as clinically indicated and when 
patients developed core temperatures of 39°C or higher. Rapid- 
section histopathologic studies were performed as indicated. 

Wounds of all patients with deep second- and third-degree 
burns were completely excised, except wounds to the face and 
perineum, in a single operation within 72 hours of admission. 
Smaller burns underwent complete autografting. Wounds cov- 
ering more than 40% of total body surface area (TBSA) were 
closed with 4:1 meshed, split-thickness, skin autograft as donor 
sites permitted and overlayed with 2:1 meshed, split-thickness, 
cadaveric skin allograft material. All remaining open wounds 
were covered with cadaver allografts. Areas receiving autografts 
and/or allografts were treated with appropriate topical antimi- 
crobial agents and inspected on the third day after surgery and 
daily thereafter. Donor sites were harvested at intervals of 7 to 
10 days until all wounds had undergone autografting. Broad- 
spectrum systemic antibacterial agents (vancomycin hydrochlo- 
ride and amikacin sulfate) were administered perioperatively, 
and specific antibiotics were administered when culture results 
indicated their use would be beneficial. 

Wounds of all patients treated between 1980 and 1984 were 
treated, from admission until excision, with topical silver sul- 
fadiazine (Silvadene, Marion Laboratories, Kansas City, Mo) for 
local wound care, and autografted and homografted sites were 
treated with polymyxin/bacitracin (Polysporin, Burroughs- 
Wellcome, Research Triangle Park, NC). All topical antimicrobial 
agents were applied in thin layers over fine-mesh gauze that 
covered the wound, and all dressings were prepared by phar- 
macists under aseptic conditions. 

In late 1984, we initiated the prophylactic use of nystatin (My- 
costatin, Squibb, Princeton, NJ; 5 to 10 mL [100000 U/mL]) 
“swish-and-swallow” three to four times daily from admission. 
Before excision, local wounds were treated with nystatin (100 000 
U/g of ointment) mixed with silver sulfadiazine to a 1:1 ratio and 
dressings changed every 8 hours. After excision, nystatin 
(100 000 U/g) mixed with a combination of polymyxin B (10000 
U/g) and bacitracin (500 U/g) to a 1:1 ratio was applied over au- 
tografted and homografted areas. 

Records of all patients hospitalized at the Shriners Burns 
Institute-Galveston between 1980 and 1990 were reviewed. All 
patients in whom Candida species were isolated at any time dur- 


Candida /nfection—Desai et al 159 








7 





Study Period 1 
(1980-1984) 




















Total body surface area 

with third-degree 

burns, % fiti 25+2 
*Except for row 1, values are means + SEs. 

tP<.005 compared with patients in study period 1. 


ing acute hospitalization were identified. No specific species 
typing data were collected. For this study, burn wound infection 
was defined as the presence of more than 1 x 10° Candida organ- 
isms per gram of tissue from burn wound biopsies or the inva- 
sion of viable tissue with Candida as revealed with rapid-section 
histopathologic examinations. Systemic sepsis was defined as 
clinical evidence of obtundation, tachypnea, hyperglycemia, 
thrombocytopenia, and/or paralytic ileus (at least three of these 
conditions had to be present) and two or more blood cultures 
positive for Candida, invasive burn wound infection with evi- 
dence of other organ system involvement, at least 1 x 10° Candida 
organisms per milliliter of urine, Candida growth detected on 
class 3 or 4 sputum or bronchoscopic aspirates, and/or radiologic 
evidence of consolidation diagnostic of adult respiratory distress 
syndrome (at least one of these conditions had to be present). 


RESULTS 


During the study period, 2441 patients aged 18 years or 
younger were admitted to our institution. Of these, the 
1039 patients treated between 1980 and 1984 did not 
receive Candida prophylaxis and were treated with anti- 
fungal agents as the organism was discovered. The 1402 
patients admitted between 1985 and 1990 received topical 
and enteral nystatin prophylaxis. There were no signifi- 
cant differences in the characteristics of the patients 
between the two treatment periods (Table). 


Study Period 1 (1980 Through 1984) 


Of the patients treated during the 5-year control period 
(1980 through 1984), 277 (26.7%) showed colonization 
with Candida at some time during their hospital stays. 
Seventy-seven (27.8%) showed colonization on admis- 
sion based on Candida cultured from the throat (18%), 
rectum (2.9%), or both (6.9%). Of all patients showing 
colonization, 59 (21.3%) developed significant wound in- 
fections (ie, at least 1 x 10° Candida organisms per gram of 
tissue) and 34 (12.2%) became clinically septic, with blood 
cultures positive for Candida. 

Of the 59 patients who developed significant wound 
infections, 20 were admitted more than 7 days after injury 
(mean+SE, 27+5 days), and cultures of all 20 on admis- 
sion revealed Candida colonization. 

Thirteen (38%) of the 34 septic patients died. Candida 
wound infection or pulmonary infection was noted as a 
contributing cause of death in four patients, and perva- 
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sive systemic candidiasis leading to multiple organ failure 
was the primary cause of death in two patients. 


Study Period 2 (1985 Through 1990) 


Durirg the past 6 years, 219 patients (15.6%) showed 
colonization with Candida at some time during acute 
hospitalization. Of these, 104 showed colonization on 
admissisn, with 30.6% having positive throat cultures, 
6.8% hewving positive rectal cultures, and 10.0% having 
both positive throat and rectal cultures. Of the patients 
showing colonization, 22 (10%) developed wound in- 
fections. but no patient exhibited candidemia during 
nystatin prophylaxis. 

The 22 patients who developed wound infections had 
burn injries (Table) significantly larger than the injuries 
of the 5" infected patients treated during study period 1 
(P<.005). Of these 22 patients, two were admitted more 
than 7 cays after injury (one was admitted 33 days after 
injury, and, the other, 8 days after injury), and Candida 
was culsared from their wounds on admission. 

No patent developed Candida sepsis, and there were no 
Candida-related deaths. One patient, however, developed 
a Candiee peritonitis via a surface-contaminated perito- 
neal lavage catheter. 


COMMENT 


There is increasing evidence’*® that enteric bacterial 
translocation may play an important role in systemic in- 
fection after burn injury. Almost all patients with signif- 
icant bu-n injuries require systemic antibacterial agents at 
some time during acute hospitalization. These agents 
sufficiertly alter the endogenous flora populations to 
promote yeast overgrowth. Because Candida species is a 
commor endogenous flora (almost 37% of the patients in 
this series who showed colonization had colonization on 
admission), we believe the use of nystatin swish-and- 
swallowtreduces oropharyngeal, esophageal, and enteral 
Candida contamination. 

Inoue et al’ reported prevention of yeast translocation 


across the gut with a single enteral feeding after burn in- * 


jury. We practice early and vigorous enteral feedings, and 
this maz play a role in reducing Candida translocation 
across tae intestinal mucosa barrier, affecting the inci- 
dence o- Candida septicemia in our population. 
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However, in patients with large open burns, coloniza- 
tion of the wound may well play a major role in candid- 
iasis. Several authers™!? have described the burn unit en- 
vironment itself as. a reservoir of microbial contamination 
and have recommenced a variety of isolation techniques 
to prevent patient-<o-patient, as well as fomite-to-patient, 
cross-contaminaticn.©* Isclation techniques were prac- 
ticed throughout the 11-year study period. In addition, to 
decrease the incklence of catheter colonization, we 
change all intravenous lines every 3 days, arterial lines 
every 5 days, and Foley urinary catheters every 5 to 7 
days. With the use of topical antifungal antibacterial 
agents, the incidence of catheter cultures positive for 
Candida at our institution has significantly decreased, and 
we no longer routinely culture catheter tips. 

The topical appkcation of nystatin, alone and in combi- 
nation with silver sulfadiazine, has proved extremely 
effective against Candida infection. However, should the 
burn wound become colonized and progress to blood- 
borne infection, systemic antifungal agents must be ad- 
ministered. Amphotericin B is the preferred agent for 
treatment or prevention of candidiasis. Unfortunately, 
amphotericin B is an ototoxic and nephrotoxic agent and 
must be administered intravenously in large quantities 
over a long period to eradicate the fungal infection. How- 
ever, several auttors!”"* have recommended the treat- 
ment of Candida infections in the general surgical popula- 
tion with low-dose, short-course therapy. Because 
patients with burninjury may have open burn wounds for 
prolonged periods and are therefore prone to repeated 
Candida colonization, wound infections, and septicemia, 
the longer course of therapy appears preferable, although 
it predisposes the patient to ototoxicity and nephrotoxic- 
ity. Because of theextremely toxic effects of amphotericin 
B, many investigators are attempting to find other agents 
that are equally effective but less toxic. 

Ketoconazole hes successfully prevented Candida infec- 
tions in various pa-ient populations."*** However, in vitro 
evidence suggests that ketoconazole requires an acid 
stomach for absorption, which is not always possible in 
seriously ill patien-s receiving enteral antacids or systemic 
histamine, antagonists to prevent stress ulceration. 

Fluconazole is a new antifungal agent available in both 
oral and parenteral formulas. The literature describes the 
use of fluconazole as a major clinical advance in the man- 
agement of candidiasis and cryptococcosis in patients 
with cancer24 and in the treatment of patients with ac- 
quired immunodeficiency syndrome,” patients who 
have undergone organ transplantation,” and other pa- 
tients at risk for opportunistic infections.” Approximately 
16% of patients who receive fluconazole experience side 
effects, the most ommon being gastrointestinal upset, 
headache, and skin rashes. Although excreted by the kid- 
ney, this drug does not have the inherent risks of neph- 
rotoxicity and ototoxicity evident with amphotericin B. 
Fluconazole appeers to be a safer drug than amphotericin 
Band will probably be equally effective in the prophylaxis 
and treatment of fungal infections in burn patients. 
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Discussion 


BASIL A. PRUITT, MD, Fort Sam Houston, Tex: I would inter- 
pret your findings as confirming that Candida infection is a com- 
plication of improved burn patient care and that these infections 
occurred in burned children who without that care would have 
developed other bacterial infections earlier in their hospital 
course and suffered a higher mortality. 

Our experience with adult burn patients is quite similar in 
many respects. In the period of 1984 to 1990, Candida species 
were isolated from 268 of our 1249 burn patients, that is 21.4%, 
as early as the first postburn week and as late as the 32nd post- 
burn week, with the average time of diagnosis being the 24th 
postburn day. The wound was the site of initial isolation in only 
12% of those cases. Only 122 infections occurred, and those were 
on the average diagnosed on the 36th postburn day. Of the in- 
fections since 1982, only 16 (that is slightly less than 6% of the 
colonized patients) have been of the burn wound, and they oc- 
curred in older patients (average age, 51 years), principally those 
with extensive burns (average extent of burn, 49%). 

Our initial review of the use of prophylactic nystatin suggested 
that oral prophylaxis did not influence the incidence of candi- 
demia, but our further experience has revealed a decrease from 
an average of 12 cases of candidemia per year prior to the insti- 
tution of prophylactic nystatin to five cases per year since 1985, 
with none in 1989 and only two in 1990. 

To help us evaluate your data, I’d like to ask you the follow- 
ing questions. How do you explain the increased recovery of 
Candida from the throat in the recently treated group, that is, 30% 
vs 18% in the earlier group during the period when you were 
using oral prophylaxis? In the early group, 13 of the 34 septic 
patients died, and in six the death appeared to be related to Can- 
dida, but what was the cause of death in the other seven? Does 
your higher Candida wound infection rate, 10% vs ours of 6%, 
reflect an imprecision and unreliability of quantitative counts re- 
sulting in overdiagnosis of Candida wound infection or failure of 
your prophylactic regimen? Did all wound infections caused by 
this organism require excisional therapy for control? What dose 
and duration of amphotericin B do you currently recommend, 
since you point out at great length in your paper its complica- 
tions? Lastly, is amphotericin B treatment initiated before surgi- 
cal removal of the infected tissue is carried out? 

In leukemic patients, risk factors for candidemia include pre- 
vious bacteremia, prolonged neutropenia, prolonged fever, 
prolonged administration of antimicrobial agents, administra- 
tion of multiple antimicrobial agents, and a higher concentration 
of Candida in the stool. Did a change in any of those variables, 
independent of your topical and enteral prophylaxis, influence 
the outcome that you observed? 

Finally, Candida albicans has a cell surface receptor for binding 
soluble fibronectin that attaches the organism to extracellular 
matrix and is considered to play a role in dissemination of can- 
didal disease. Did the organisms recovered from patients who 
did develop infection differ, in terms of receptor number or type, 
from organisms recovered from patients who did not develop 
infection? 

BARRY BROWNE, MD, Wauwatosa, Wis: Could using historical 
controls have biased your results? Are you using the same an- 
tibiotic and ulcer prophylaxis regimens now as you did earlier, 
and has there been a change in the timing of eschar excision? 

JOSEPH S. SOLOMKIN, MD, Cincinnati, Ohio: I personally be- 
lieve the results, but with this type of study design where you 
are using an historic control group, as has been mentioned by the 
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previous discussant, you have a bit of a problem in really over- 
whelmingly convincing people. 

The issue I'd like to raise with you, which I thought was one 
of the more interesting parts of your presentation, is that you 
pointed eut that you consider Candida pneumonia to be a real 
disease. You gave certain criteria for what you would consider 
to be a Cendida pneumonia that appear to include isolation of the 
organism from deep bronchial or bronchoscopically retrieved 
culture, and then I assume it is with x-ray evidence of lobar con- 
solidatiom. The common wisdom is that Candida for some reason 
or another does not cause pneumonia. I'd like you to expand on 
what Cerdida pneumonia is. 

RICHAED J. HOWARD, MD, Gainesville, Fla: This is really one 
of the very few papers that show that prophylaxis prevents sys- 
temic sepsis against a fungal agent. I recently reviewed this sub- 
ject in preparation for the panel discussion tomorrow, and I'll 
present mat data tomorrow, but there is virtually no other pa- 
per in the literature that shows that antifungal prophylaxis pre- 
vents sys-emic infection. It prevents colonization and it prevents 
esophageal and oral candidiasis, but not systemic candidiasis. 
My question is have you been able to relate episodes of Candida 
in the early period to any other factor, such as intravenous cath- 
eter use, et cetera? 

ALEXANDER S. ROSEMURGY II, MD, Tampa, Fla: I agree with the 
results, but my question deals with the definition of a Candida 
infection. Equating “Candida infection” with “candidemia” is 
possibly aot right. There may be complex interactions between 
Candida and bacteria such that patient outcome is affected by oc- 
cult cand=demia. If the concept of occult can be accepted, then, 
possibly, treatment for occult candidemia can be different than 
the conventional use of amphotericin, the dose of which seems 
to have been picked out of thin air. There seems to be a role for 
low-dose short-course amphotericin or fluconazole therapy. 

DR DESAI: To answer Dr Pruitt’s question, we know that 15% 
to 40% percent of the population have positive Candida cultures 
of the mucocutaneous areas. There is a difference between the 
rate of pcsitive Candida cultures on admission between the first 
and secand study periods, 18% vs 30%. However, both figures 
are within the acceptable boundaries of incidence. Only four of 
all those deaths in the first group were Candida associated. The 
other deeths were attributed to bacterial sepsis. As you know, 
Candida infection may exist concomitantly with gram-negative 
sepsis. 

Dr Brown, we have a standard method of treatment and 
have not significantly changed any of our regimens over the 
study pe-iod. All patients get excised early and receive peri- 
operative antibiotics. The methods of nutritional support have 
not changed in over 12 years or so. The dose of amphotericin 
that we used was 0.5 mg/kg, and the total dose, as Dr 
Solomkim has published, was 6 to 8 mg. Some of the patients 
required 1p to 11 mg to eradicate the Candida infection. How- 
ever, the dose was small compared to what is required to 
treat other fungal infections. 

We loe<ed at IV catheter cultures in addition to the other cul- 
tures. Ir the earlier group, there were patients whose wounds 
were coicnized with Candida, and catheter cultures also grew 
Candida. owever, with the use of Mycostatin, we have suffi- 
ciently reduced Candida surface contamination. Hence our cath- 
eters are_andida free, and we have discontinued our practice of 
catheter cultures. I agree that fluconazole, which is a new agent, 
is probaixy more effective and has proven to be so in patients 
with cancer and some transplant recipients. However, when we 
first started this study, the only substance available was keto- 
conazole. Ketoconazole requires an acid stomach to obtain ade- 
quate serum levels, and we maintain neutral gastric contents 
with continuous tube feedings. The stomach pH remains above 
4, and if 1yperacidity persists despite feedings, we administer 
antacids. Hence, ketoconazole could not be absorbed. We have 
not usec any other agent, including fluconazole, although there 
is a tremendous amount of literature documenting its use as ef- 
fective fangal prophylaxis. 
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© Suppression of the gut luminal aerobic flora to reduce 
nosocomial infections was tested in a prospective, random- 
ized, double-blind, placebo-controlled clinical trial in pa- 
tients in a surgical intensive care unit who had persistent 
hypermetabolism. Forty-six patients were randomized to 
receive either norfloxacin, 500-mg suspension every 8 
hours, together with nystatin, 1 million units every 6 hours, 
or matching placebo solutions administered through a na- 
sogastric tube within 48 hours of surgical intensive care unit 
admission. Selective gut decontamination with the experi- 
mental therapy or placebo solutions continued for at least 
5 days or until the time of surgical intensive care unit dis- 
charge. Patients were monitored with routine surveillance 
cultures for the development of nosocomial infections, as 
defined by criteria from the Centers for Disease Control. All 
other therapy was given as clinically indicated, including 
systemic antibiotics. The selective gut decontamination 
group experienced a significant reduction in the incidence 
of nosocomial infections and a reduced length of stay. 
However, these results were not associated with a concom- 
itant decrease in progressive multiple organ failure syn- 
drome, adult respiratory distress syndrome, or mortality. 
(Arch Surg. 1992;127:163-169) 


P ostresuscitative hypermetabolism-organ failure re- 
mains the major cause of morbidity and mortality in 
surgical patients, despite advances in modern intensive 
care.” In part, this phenomenon relates to the inadequate 
understanding of the pathogenesis of hypermetabolism- 
organ failure and, therefore, the inability to deliver a 
mechanism-directed therapeutic regimen.” 
The gut has been hypothesized to play a major role in 
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the pathogenesis of hypermetabolism—organ failure 
through a variety of mechanisms.* One such mechanism 
focuses on the luminal aerobic flora as the source of 
organisms for the nosocomial infections associated with 
hypermetabolism-—organ failure. These organisms are 
thought to move up the gut to the respiratory tract and to 
be associated with bronchopneumonias, or to move 
through the gut (translocation) into the blood or regional 
lymphatics.**° 

Oral antibiotics designed to suppress the luminal aer- 
obic, but not anaerobic, flora (selective gut decontamina- 
tion [SGD]) have been administered to patients in surgi- 
cal intensive care units (SICUs). It has been hypothesized 
that this therapy will reduce the incidence of nosocomial 
infections and subsequent mortality, presumably through 
limiting the movement of gut bacteria up or through the 
gut. Several uncontrolled clinical trials of SGD have 
reported favorable results,°? and one controlled clinical 
trial demonstrated a reduction in both nosocomial infec- 
tions and mortality. In these trials, the antimicrobial 
regimens required complex oral application as well as gut 
administration of the antimicrobials and the use of sys- 
temic antibiotics as part of the SGD regimen. 

This study was designed to test the hypothesis that a 
single antimicrobial agent and a single antifungal agent, 
when given as liquids through the nasogastric tube in 
SICU patients, would be associated with a reduction in 
the nosocomial infection rate and a concomitant reduction 
in the incidence of adult respiratory distress syndrome. 


PATIENTS AND METHODS 


The study protocol was approved by the Committee on the 
Use of Human Subjects in Research of the University of Minne- 
sota. All patients were entered into the study after written 
informed consent was obtained. Concurrent participation in an- 
other research project was not permitted. 

The study design was double blind, randomized, prospective, 
and placebo controlled. Consecutive eligible patients admitted to 
the SICU who agreed to participate in the study were enrolled. 
As entrance criteria, the patients had to be within 48 hours of in- 
jury, operation, or other acute event that resulted in SICU 
admission; have an anticipated SICU stay of 5 days or longer; and 
be hypermetabolic and without progressive MOFS at the time of 
enrollment into the study. The last criterion required stable se- 
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rum bilirubin and creatinine levels and normal levels of plasma 
aminotransferase enzymes. Progressive MOFS was defined as 
steadily rising serum bilirubin and creatinine levels in the pres- 
ence of ARDS.'? To qualify as hypermetabolic, each patient 
needed an oxygen consumption index more than 140 mL/m? or 
a urinary nitrogen excretion exceeding 10 g/d at the time of en- 
rollment.? 

The following criteria excluded patients from admission to the 
study: cirrhosis, known allergies to norfloxacin or nystatin, ac- 
tive chemotherapy or radiation therapy, a progressively rising 
serum bilirubin or creatinine level, and the presence of a 
gastrointestinal tract leak or fistula from which increased sys- 
temic absorption of the SGD drugs might occur. To be eligible for 
evaluation, patients had to receive a study medication for at least 
5 full days. 

After enrollment, the research pharmacy randomized the pa- 
tient to either the experimental or control group by means of a 
computer-derived random-number generator. The research 
pharmacy then logged in the patient and dispensed the exper- 
imental drug or placebo. The SGD or placebo was liquid and was 
administered via the nasogastric tube by the nursing staff in ac- 
cord with routine nursing protocol. The drugs were begun 
within 12 hours of enrollment into the study and were admin- 
istered until the patient was discharged from the SICU or died. 

The SGD drugs administered were norfloxacin and nystatin. 
Norfloxacin was chosen as the single antimicrobial a gent because 
it is inactive against anaerobes in the gut; it has high activity 
against the Enterobacteriaceae and has reasonable activity 
against Pseudomonas aeruginosa; it has some activity against 
staphylococci and enterococci; it is associated with low blood 
levels and has a relatively short half-life; it has reasonably high 
liver clearance with recycling into the stool and it achieves high 
stool concentrations; and it has a low toxicity profile. Nystatin 
was used because it has broad antifungal activity; resistance is 
uncommon, it is not absorbed when given orally; it has been 
used extensively for prophylaxis of Candida albicans infections; 
and it has a low toxicity profile. 

Doses of norfloxacin (500 mg, Noroxin, Merck & Co Inc, West 
Point, Pa) were prepared by combining crushed norfloxacin tab- 
lets and distilled water. The resulting light-pink norfloxacin sus- 
pension contained 20 mg/mL of norfloxacin, and each 500-mg 
dose was packaged in two 10-mL syringes for administration 
through the nasogastric tube every 8 hours. The matching nor- 
floxacin placebo was a solution of cherry syrup (344.5 mL) and 
distilled water made up to 480 mL and packaged identically to 
the norfloxacin suspension. The syringes for both study articles 
were labeled “norfloxacin study medication” and given a 1-week 
expiration date. 

Doses of nystatin suspension, 1 million units (100000 U/mL, 
Mycostatin, ER Squibb & Sons Inc, New Brunswick, NJ) were 
packaged in 10-mL syringes for administration through the na- 
sogastric tube every 6 hours. The matching nystatin placebo was 
a solution of cherry syrup (250 mL) and distilled water made up 
to 500 mL and packaged identically to the nystatin suspension. 
The syringes for both study articles were labeled “nystatin study 
medication” and given a 1-week expiration date. 

Before the first dose of drug, cultures of blood, urine, stool, 
and a tracheal aspirate were obtained. Routine surveillance cul- 
tures of tracheal aspirate, blood, and urine were performed ev- 
ery Monday and Thursday. Additional cultures were obtained as 
clinically indicated. An additional stool culture was performed 
every 7 days or at the termination of the study. Infections were 
diagnosed with the use of the Centers for Disease Control def- 
initions for nosocomial infections.” A daily chest roentgenogram 
and weekly sinus roentgenograms were performed and re- 
viewed with a radiologist who was also unaware of the patient 
group. Study surveillance cultures were discontinued and pa- 
tients were removed from the study on discharge from the SICU. 

Other therapy was allowed in both the experimental and con- 
trol groups as clinically indicated. These other therapies in- 
cluded systemic antibiotics and either enteral or parenteral nu- 
trition support. Nutritional support was begun as total 
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Table 1. 


Experimental group 
Sepsis alone 


Sepsis, cancer present 


Sepsis, cancer excised 
Majer surgery 


Surgery, cancer present 
Surgery, cancer excised 


Trauma 


Control group 


Sepsis alone 


Sepsis, cancer present 


Sepsis, cancer excised 


Sepsis in renal 
transplant 


Majer surgery 


—Pathologic Findings at Admission _ 









Bowel infarct, 
mediastinitis, colon 
perforation, perirectal 
abscess, biliary fistula 

Radical nephrectomy 
with retroperitoneal 
infection, debulking of 
carcinoma of ovary 
with pelvic exenter- 
ation and infection 

Infected uterus resection 

Major aortic surgery (4), 
CABG* (4) 

Debulking of cancer of 
Ovary (2) 

Cancer of cervix, cancer 
of liver 

Polyrauma 


Colon perforation, 
infected ventriculo- 
atrial shunt, necro- 
tizing fasciitis, medi- 

- astinitis 

Radical hysterectomy 
with pelvic cellulitis 

Pelvic exenteration and 
debulking of ovarian 
cancer, both with 
pelvic cellulitis 

Colon perforation, 
abdominal abscess 

Gastrectomy, CABG (2), 






obesity, congenital 
heart disease 
correction 

Hepatectomy, debulking 
of cancer of ovary 







Surgery, cancer present 2 











Surgery, cancer excised 2 __Esophagectomy, pancre- 
aticoduodenectomy 

Inflammation 2 Pancreatitis (2) 

Trauma 1 Polytrauma 





“Coronary artery bypass graft. 


parenteral nutrition within 48 to 72 hours of SICU admission and 
provided 126 kJ/kg per day, with 4 to 5 g/kg of glucose, 1 to 1.5 
g/kg of fat, and 1.5 to 2.0 g/kg of amino acid, together with the 
necessary vitamins, trace elements, minerals, and electrolytes. 
The systemic antibiotics included clindamycin, aminoglyco- 
sides, metronidazole, cefotaxime, ceftazidime, and cilastatin 
sodium-imipenem. 

The primary outcome variable for the study was the incidence 
of nosocamial infections. The secondary outcomes were the in- 
cidence əf progressive MOFS, ARDS, and mortality. Because it 
is generally held that nosocomial infections and mortality are 
covariables, a reduction in MOFS and mortality was anticipated. 
Analysis of variance was used for continuous data, such as 
length cf stay; x? analysis was applied to discontinuous data, 
such as the incidence of nosocomial infections. In all cases, sig- 
nificance was defined as P<.05. 


RESULTS 


Forty-eight patients met inclusion criteria and were en- 
rolled into the study. Forty-six patients completed the 
study. The two noncompleters were both in the control 
group. One patient was enrolled 48 hours after injury but 


Selective Gut Decontamination—Cerra et al 


Table 2.—Outcome of Study of 
Nosocomial Infection* 











Group 
Se 


Experimental Control P 
















N 


No. who died 13 10 NS 
No. who developed ARDS 7 NS 
No. who developed MOFS 6 5 NS 


Nosocomial infections 


No. of patients 12 15 .08 
No. of infections 22 42 .0002 
Gram-positive, No. 8 16 .025 
Gram-negative, No. 8 13 .025 
Fungus, No. 6 13 .025 
Pulmonary, No. 14 23 .025 
Blood, No. 5 12 .025 
Duration of therapy, d 1322 20+4 NS 
Length of stay in ICU, d 18+3 26+5 NS 





Total length of stay, d 


*NS indicates not significant; ARDS, adult respiratory distress 
syndrome; and MOFS. multiple organ failure syndrome. 


was discharged from the SICU the morning of the 3rd day 
after admission; no placebo was administered. The sec- 
ond patient was discharged from the SICU after 3 full days 
in the SICU and had received two doses of placebo. All 
other patients completed the study. 

The pathologic conditions at entrance into the study are 
summarized in Table 1. All patients were enrolled within 
48 hours of the event that prompted the SICU admission. 
No statistically significant differences between the groups 
were evident in conditions at entrance, age, sex, serum 
bilirubin and creatinine levels, or the plasma aminotrans- 
ferase enzyme levels. The duration of therapy was also 
the same between the groups, although there was a trend 
for a shorter duration of therapy in the experimental 
group. 

The experimental group experienced a reduction rela- 
tive to the control group in the number of nosocomial in- 
fections and in the number of nosocomial septicemias and 
pneumonias. These reductions occurred in all classes of 
organisms: gram positive, gram negative, and fungal 
(Table 2). The distribution of nosocomial infections was 
unchanged by SGD (Table 3). Likewise, the distribution 
of nosocomial organism types was unchanged, but the 
frequency was reduced in the experimental group (Table 
4). 

The reduction in nosocomial infections was not associ- 
ated with a significant reduction in mortality, occurrence 
of MOFS, or development of ARDS (Table 2). The 
observed mortality was as predicted on the basis of pre- 
vious studies in this SICU. The non-MOFS mortality was 
from single-organ failure, such as renal or pulmonary 
failure, stroke, myocardial infarction, hemorrhage, or 
pulmonary embolus. The length of both SICU and hospi- 
tal stay was reduced in the experimental group, but the 
reduced length of stay was not statistically significant. 

Infection control surveillance in the SICU did not detect 
any emergence of resistant organisms. Analysis of the 
stool cultures revealed a drug effect in the experimental 
group, with significant reductions in the counts of a 
number of organisms. Table 5 presents these data as per- 
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Table 3.—Nosocomial Infection and Type 


Percent of Total 
—_——— 


Experimental Control 

















Nosocomial site 


Sinus 


Lung 58 49 

Urine i 18 22 

Blood 18 26 
Organism type 

Gram positive 24 36 

Gram negative H 39 


Fungal 32 25 







Table 4.— Nosocomial Infection Organism 


Type by Site 








Site, No. 


eII 


Sinus Lung Urine Blood 


















Organism Type 


Experimental 





Pseudomonas species 
Staphylococcus epidermidis 
Candida species 
Enterococcus species 
Enterobacter species 
Escherichia coli 


OONON=e 
anNhou 
e OF NO O&O 
ow d i d ee 


Control 





Pseudomonas species 
Staphylococcus epidermidis 
Candida species 
Enterococcus species 
Enterobacter species 
Escherichia coli 


at On Oa CO 
zai 
ae SS 
awWwomdh — 
op oho = 











Table 5.—Major Organisms From Stool Cultures 
Taken Before, During, and at the End of Treatment 


Percent of Total 
EN 


Before During End 
























Experimental 


Pseudomonas species 10 21 0 
Staphylococcus epidermidis 23 13 33 
Candida species 17 25 13 
Enterococcus species 17 33 54 
Enterobacter species 5 0 0 
Escherichia coli 28 8 0 


Control 





Pseudomonas species 7 18 24 
Staphylococcus epidermidis 25 18 18 
Candida species 18 18 18 
Enterococcus species 30 31 30 
Enterobacter species 2 5 5 


Escherichia coli 


centage prevalence, ie, the percentage of total organisms 
cultured for a given organism(s). This table then presents 
the change in stool culture composition with time by 
means of the same method. There was a trend toward the 
emergence of Enterococcus in the experimental group, but 
no emergence of organisms against which norfloxacin is 
potentially weak, such as Pseudomonas species and 
Staphylococcus species. This was not associated with an 
increase in clinical infection rate, however. 
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The type and duration of use of the systemic antibiot- 
ics were analyzed. No Statistically significant differences 
between the groups were found. In addition, there was no 
correlation between the systemic antibiotic use and either 
the incidence of nosocomial infections or the results of the 
stool cultures. 


COMMENT 


Selective gut decontamination with a combination of 
norfloxacin and nystatin was associated with a decrease 
in the nosocomial infection rate in SICU patients when the 
SGD was begun within 48 hours of the event that neces- 
sitated the SICU admission. The 47% decrease in nosoco- 
mial infections was not associated with an equal decrease 
in progressive MOFS, ARDS, or mortality, although we 
had expected that such an association would be observed. 
There was no detectable emergence of resistant microbial 
strains in the patients who participated in the study or in 
the surveillance data from the nonstudy patients who 
were in the SICU at the time the study was being 
performed. There was a trend toward an increase in the 
incidence of stool cultures positive for enterococci durin 
SGD treatment, but this trend was not associated with the 
occurrence of clinical infections. The observations of no 
differences in the pattern of systemic antibiotic use or 
correlation between nosocomial infections and stool cul- 
tures, and systemic antibiotic use is consistent with the 
interpretation that the reduction in nosocomial infection 
rate was associated with the administration of the SDG 
regimen and not the systemic antibiotics. 

The major weakness of the study pertains to the heter- 
ogeneity of the patient pool and the number of patients 
enrolled into the study. Severity indexing was not used as 
an entrance criterion in an effort to reduce heterogeneity, 
as these indicators have not been found to be useful pre- 
dictors of who will develop MOFS and die.” The limited 
number in each group may have reduced the sensitivity 
of the study for the mortality and MOFS outcomes. How- 
ever, if a mortality or MOFS outcome effect was present, 
a large number of patients would be required to detect the 
difference. A question could then be raised as to the clin- 
ical relevance of such a statistical difference. In addition, 
the perceived causal relationship between nosocomial in- 
fections and the occurrence of MOFS and mortality would 
necessitate that a reduction in nosocomial infections be 
associated with a decrease in MOFS and mortality, an as- 
sociation not observed in this study. 

The observations in this study are consistent with those 
of other studies in this area, including randomized, pro- 
spective, clinical trials.*"6 However, this study used a 
much simpler and less labor-intensive technique of 
achieving SGD. There does not seem to be a need for 
coating the oral cavity with antimicrobial paste or gel or 
to require the use of systemic antibiotics as part of the SGD 
regimen to achieve the beneficial effects of SGD. The ob- 
servations in this study also confirm the data in other 
studies, most in different types of patients, in which nor- 
floxacin was used as the antimicrobial for SGD.">"6 It is 
also likely that the effect on the incidence of urinary tract 
infections may reflect the urine concentrations of norflox- 
acin rather than an effect on the gut flora.” 

The hypothesis of this study was based on the theory 
that the gut flora are the source of organisms for nosoco- 
mial infections, either by moving up the gastrointestinal 
tract and into the respiratory tract or by moving through 
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the gut by translocation mechanisms.24 These nosocomial 
infections are then thought to be causative agents in the 
pathogenesis of MOFS, ARDS, and mortality. The corre- 
lation between the organisms cultured in the stool and 
those cultured in the sites of nosocomial infections is 
consistent with the gut origin of the organisms involved 
in the erigin of the nosocomial infections. The study de- 
sign, however, did not permit any insight as to the route 
by which the intestinal organisms arrived at the site of 
nosocornial infection. Experimental data, however, sug- 
gest that antibiotics can suppress both bacterial translo- 
cation and the migration of organisms up the gastrointes- 
tinal tract, depending on the antimicrobial regimen 
employed. !*0 

The second part of the scientific framework concerns 
the relationship between nosocomial infections and the 
patient outcomes of progressive MOFS, ARDS, and mor- 
tality. No such relationship was observed in this study. 
There ave a number of implications of this observation: 
that something other than nosocomial infections js in- 
volved in the pathogenesis of MOFS, ARDS, and mortal- 
ity; or that the nosocomial infections are a symptom of yet 
another organ failure, that of the gut or the immune sys- 
tem. 

Selective gut decontamination is an effective means of 
reducing the incidence of nosocomial infections in SICU 
patients. Using an agent such as norfloxacin greatly 
reduces the complexity and cost of the technique. Even 
though mo effect on patient outcome was observed, the 
treated patients had a significant trend toward a reduced 
length of stay, and the decreased number of nosocomial 
infections would be expected to be associated with a sub- 
stantial reduction in the cost of SICU care.2! The lack of 
association between nosocomial infections and patient 
outcomes implies that these infections are probably symp- 
toms of the disease process rather than causes of it. 


This study was supported by Public Health Service grants A123484 
and DK34931. 
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Discussion 


E. PATCHEN DELLINGER, MD, Seattle, Wash: This is an impor- 
tant study, because selective gut decontamination is currently a 
very trendy concept and is being promoted more like a product 
by Madison Avenue techniques than by asking important ques- 
tions and addressing them in well-designed studies. This study 
is well done. It is doukle blind. To my knowledge, it is the only 
blinded study of SGD available to date. That is very important, 
because as we all know the diagnosis of nosocomial infections in 
the ICU is tricky. The Centers for Disease Control criteria for 
pneumonia are inadequate for saying accurately who has this 
infection. At the very least, by blinding the study as they did in 
Minnesota, that reduces the inherent bias. It does not, however, 
reduce the likelihood of inaccurate diagnosis of pneumonia, be- 
cause of superficial suppression of bacteria that are present in the 
endotracheal tube, bu= not actually indicative of pneumonia. 

In addition, this was a randomized study. Only four of the 
other nine studies that I am aware of in print or that I have been 
able to get manuscripts for are randomized. Again, this is a mark 
of a study that was done carefully and designed carefully. This 
study showed a reduction in the total number of nosocomial in- 
fections, as has been reported in most previous studies. How- 
ever, it did not shew a statistically significant reduction in the 
number of patients who had nosocomial infection and would 
require 30 more patients, at least, to achieve a significant reduc- 
tion in the number of patients with infection continued as indi- 
cated in both groups. 
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It is important to note that the significant reduction in total 
number of nosocomial infections was achieved by counting 
multiple infections in the same patient. Twenty-seven patients 
had 37 episodes of pneumonia. My first question for you, Frank, 
is how do you define multiple pulmonary infections in a single 
patient? How do you tell when one patient had one, two, or three 
pneumonias? This is a rather interesting approach. 

Mortality was not reduced. In fact, it was higher in the study 
group than in the treatment group, although clearly of no 
significance —52% and 48%, respectively. I think that may indi- 
cate that perhaps the patients are dying with infection and not 
of infection in the ICU. This may be one of the most important 
points that is revealed by this and other studies in selective di- 
gestive decontamination, all of which have failed to show any 
significant improvement in mortality, although several claim it 
by examining subgroups selected after the completion of the 
study. 

The proportion of urinary tract infections was not less in the 
SGD group compared with control, and you might have ex- 
pected it to be since your drug was a urinary tract antibiotic that 
achieves very high levels in the urine. I was surprised to see that 
you did not have a greater reduction in urinary tract infections. 

Although you state in the manuscript and in the presentation 
that the types of isolates in the groups were the same, in fact, 
23% of your SGD isolates from infection were enterococcus 
compared with only 8% in the control group (P<.05 by x’). I 
wonder if you could comment on the excess of enterococcal in- 
fections in your treatment group. 

Lastly, because of the important influence on gastric flora of 
methods to prevent stress bleeding, you should tell us what you 
did for stress ulcer prophylaxis during the conduct of the study. 

I have a couple of housekeeping questions. You state that pa- 
tients were supposed to be entered within 48 hours of SICU ad- 
mission and continued treatment until discharge, and yet your 
total days in SICU minus days of treatment is five and six, 
respectively, in your two groups. It looks as if patients were ei- 
ther entered later than 48 hours after SICU admission or not 
treated for the entire stay. Could you please comment on that? 

Lastly, in this day and age, clinical trials should tell us some- 
thing not only about the patients who are enrolled in the study, 
but about the patients who could have been enrolled in the study 
and weren’t for some reason. How many patients were admit- 
ted to your SICU during the study and not randomized? How 
many stayed in the SICU 5 days but were not included in the 
study? This is a well-designed study. The main problem is the 
definitions with which we all struggle and the small number of 
patients. 

ROBERT E. CONDON, MD, Milwaukee, Wis: Frank, I'd like you 
to consider an alternative hypothesis other than translocation 
from the gut as the potential source of pneumonia. It is well doc- 
umented that all patients with either a tracheostomy or who have 
an endotracheal tube in place aspirate continuously. The material 
they aspirate is regurgitated from the stomach. In the typical ICU 
patient either the disease or, more frequently, treatment with H, 
blockers destroys the capacity of the gastric acid barrier, and the 
stomach contents become a bacterial soup that is a very adverse 
material to aspirate. What SGD does is to approach the bacterial 
soup by pouring antibiotics and other agents into the swill in the 
hope of reducing the concentration of bacteria. 

But, as an alternative approach to the problem, it seems to me 
that we should let Mother Nature use her acid barrier, and re- 
inforce it when necessary, to keep the pH in the stomach low. 
We should use coating agents such as sucralfate to provide the 
protection the patient needs against stress ulceration. 

JOHN R. BORDER, MD, Buffalo, NY: About 1 to 2 years ago, Jan 
Goris of Nijmegen reviewed the literature on prospective random- 
ized clinical studies of selective gut decontamination. In 1988 there 
was a meeting on Infection Control by Selective Decontamination 
in Jersey, which I attended. The proceedings of that meeting were 
subsequently published by Springer Verlag and edited by van Saene 
et al. Every prospective randomized study that I am aware of 
reaches the same conclusions as are presented in this paper. The 
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conclusions are simple. Selective gut decontamination reduces 
greatly the bacteriologic evidence of multiple organ failure but does 
not reduce the septic organ failures or the mortality. This conclusion 
now appears to be well established. 

All of these studies have fundamental flaws, as does this one. 
The first flaw is that of consecutive ICU patients without further 
specification. We have no knowledge of the preexisting diseases 
these patients may have relative to the heart, lungs, and liver. 
The question is, did they have preexisting diseases of such mag- 
nitude that they were unable to develop the high oxygen trans- 
port or the increased hepatic metabolism required to survive the 
septic state? Stated differently, a fundamental question is, did 
they die of the septic organ failures or did they die with the sep- 
tic response but of their preexisting disease? This is a funda- 
mental problem of all consecutive ICU studies of septic patients 
where survival depends on being able to achieve and maintain 
high oxygen transport and high hepatic metabolism. 

The second major problem with such studies is that the con- 
ditions of ICU support are not specified. These septic patients 
can die at any time if vigorous ICU support is not maintained. 
We have no knowledge here of the magnitude and route of pro- 
tein nutritional support as of the specific conditions of oxygen 
transport support. Both of these are critical to survival. We have 
heard in the discussion that the patients apparently received 
many antibiotics. Were their stomachs also alkalinized? If there 
were multiple-trauma patients, how were the fractures man- 
aged? What attempts were made to get them sitting up out of 
bed? All of these items of support are also critical in evaluating 
the outcome of the septic patient. 

This paper is not distinguishable from the predecessor papers 
in study technique except that it is presented to a North Amer- 
ican audience. Granted North American chauvinism, that is an 
important distinction. There are a series of important conclu- 
sions to be reached from the series of papers on selective gut de- 
contamination. The first is that the bacteriologic observations 
made in multiple organ failure are more a manifestation than a 
cause of multiple organ failure. This fits exactly with the failure 
of carefully selected antibiotics to reduce the septic organ failures 
and mortality. The second conclusion is that after 7 to 8 days of 
ICU care, the gut is the source of most of the bacteria found in 
the lungs, bloodstream, urine, and wounds in these patients. 
Clearly the oral endotracheal tube provides a major route of ac- 
cess for oropharyngeal bacteria to the lungs, while ARDS 
provides major nutrient support to the bacteria that reach the 
lungs. The third conclusion is that the gut origin bacteria that 
produce the nosocomial infections observed do prolong the ICU 
and hospital stay. Thus, such treatment is apt to be cost- 
effective. The fourth conclusion is that in the absence of frank 
shock the gut-origin septic states are not a problem until 4 to 7 
days of ICU care. In those patients who stay 2 to 3 days, there 
is no point in studying SGD. Conditions are different and the 
problem probably occurs much earlier with severe shock and 
truly major trauma. 

EDWIN A. DEITCH, MD, Shreveport, La: This is a nice study on 
an emotional topic. One can take either a practical or a theoret- 
ical approach to the problem. At the practical level, what you’ve 
shown is consistent with what others have shown; that is, one 
can reduce the incidence of infection with gut decontamination 
but yet not reduce mortality. Nonetheless, I think reducing in- 
fection and shortening the hospital stay are good. They are cer- 
tainly cost-effective. Therefore, at a practical level, SGD seems 
to be a worthwhile policy. 

That gets me to the theoretical area and my questions. First, 
why might it be that SGD does not improve survival, although 
it reduces the incidence of infection, and what other therapy do 
you think might be needed in addition to SGD to improve sur- 
vival? 

It looks as if you had a total of 23 deaths, 10 in one group and 
13 in the other, yet only 11 of these people developed organ fail- 
ure and a slightly higher number developed ARDS. Thus, my 
second question is, what was the cause of death in those patients 
who did not develop organ failure, and do you think that this fact 
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that less than half of the deaths were due to organ failure influ- 
ences your results? 

HARVeyY J. SUGERMAN, MD, Richmond, Va: Why did you 
choose not to use the oral paste, which everybody else has used? 
How diel you decide to stop the study after 50 patients were en- 
tered? Was this a decision made before the initiation of the study, 
and if s» why? One may question if you may not have a type 
II statistical error with regards to ventilator days, ICU stay, etc. 

MARK MALANGONI, MD, Cleveland, Ohio: I’d like to approach 
it from ë different point of view. In the ’50s, Leper in a study of 
polio victims in Chicago showed that the use of prophylactic an- 
timicrotials was associated with a reduction in the overall inci- 
dence o- sneumonia, but mortality was not affected. That study 
was repeated by Petersdorf in comatose patients and also by a 
group az ‘he Boston City Hospital using intratracheal antimicro- 
bials. I wonder if what you have found is that a low serum an- 
timicrobsal level indeed reduces the incidence of pneumonia 
much aswas found in those earlier studies. Could you comment 
on that?_f you have any information about the bacteriology of 
the patiemts who develop pneumonia, perhaps you could share 
that with us as well. It would be interesting to find out if indeed 
you are fst seeing more severe pneumonias that do not respond 
as well © treatment. 

JOHN SDHNEN, MD, Toronto, Ontario: I’m concerned about 
the potea-ial hidden cost of bacterial resistance. You said that the 
incidence of resistance was the same in both groups, but men- 
tioned that the treated group had a trend to increased coloniza- 
tion witk Enterococcus, a more resistant organism. What were the 
actual numbers of resistant organisms in the treatment group? 
Are you planning to look at this in a larger number of patients? 

CLAYTON H. SHATNEY, MD, San Jose, Calif: You said that the 
policy ofthe unit was to do surveillance cultures, Mondays and 
Thursdays. What do you survey and of what value are surveil- 
lance cuËares? Do you just pick up positive cultures or do you 
pick up aue infections? 

PER-O OF NYSTROM, MD, PHD, Linkoping, Sweden: I wonder 
if it is at Al possible to select appropriate patients for a study like 
this. By selecting patients who are anticipated to be staying at 
least 5 days in the ICU, you are in fact saying that they already 
have the drocess in their bodies. If you institute therapy at as 
long as 4days after the start of the disease process, then, as the 
European studies show, it takes several days before the treat- 
ment has effect on intestinal content of bacteria. One wonders 
what is te possibility to alter the outcome of these patients at 
this stage of the treatment. 

DR CEERA: Having done a review article on that and a meta- 
analysis an the world’s literature of randomized double-blind 
prospectse trials, as far as I can see about stress ulcer prophy- 
laxis, pay your money, take your choice. The incidence of ulcer- 
ation overall and prophylaxis is the same. If you look at the con- 
trol groups in all of those studies during the time that the FDA 
was requizing a nontreatment control, those patients had nutri- 
tion but tae mean of nine or 10 studies of stress ulceration is 15%. 
It is defined as at least a gram drop in hemoglobin or the need 
to transfuse within 24 hours. Even though nutrition has made an 
impact, I con’t think we can claim it as a successful outcome of 
nutritiona support. We still have this problem of stress ulcer- 
ation. Notody was more skeptical than myself, but I saw it in the 
control arm and it is very impressive, in spite of the fact that they 
had gooc nutrition. So, that is stress ulcer prophylaxis. 

Resistant organisms: we didn’t have resistant organisms. I 
didn’t m=an to leave a window there. We did not have the 
emergence of resistance to norfloxacin. What we did have in the 
stool cultares, if you look at the drug effect, there is a decreas- 
ing incidexce of positive cultures or cultures that grew organisms 
of major ccliforms. So, Enterococcus came up as an increase in the 
percentage, but it is an artifact because it is no different. In terms 
of numbers, there are just fewer coliforms. We could document 
nothing ia the way of infections due to Enterococcus. Even though 
it increase] in number of the whole, there was no increase in 
enterococal infections. That percentage increase was statisti- 
cally signeficant as a fractional percentage of the organisms in the 
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stool cultures. I can’t really tell you how many patients did not 
get randomized. These were consecutive admissions that were 
thought to require over 5 days in the ICU. The take rate in this 
study for patients whe are approached runs between 95% and 
96%. There aren't many patients who could have skewed the 
data in that way. 

If you look at the number of infections and do a skew analysis 
by patient or groups of patients, it is not skewing the data. If you 
look at these data, roughly there are two to three nosocomial in- 
fections per patient in the control group. So I don’t see a skew 
based on patients who nad six nosocomial infections vs those 
who didn’t. We applied the CDC criteria longitudinally for the 
roughly 3 weeks of the study. If those criteria got better and the 
chest x-ray cleared up and then got worse again and met crite- 
ria, that was recorded as another infection. I don’t know the an- 
swer to this question of colonization vs infection, especially in 
nosocomial pneumonias. The best I think one can do is make it 
a randomized variable using some sort of standardized criteria. 
We went back and selected this just on the basis of the covered 
brush samples and found the same results. There is enough to 
be relevant but not enough to base a whole study on, so I didn’t 
present it that way. 

The key issue here is the relationship between nosocomial in- 
fections and outcomes with outcomes being development of or- 
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gan failure including ARDS, liver, and renal failure. That is re- 
ally what this study wanted to determine. To do another study 
putting something down the nasogastric tube I didn’t find intel- 
lectually very pleasing, the question is, are nosocomial infections 
statistically related to organ failure. This study says you have a 
marked reduction in nosocomial infection with no effect on out- 
come. It doesn’t even approach statistical significance. You'd 
need 3000 to 4000 patients to pick up a difference in mortality. 

About half of the deaths were not due to the progressive classic 
form of multiple organ failure. The patients died of either liver 
failure or isolated renal failure. There were two myocardial inf- 
arctions. 

We didn’t measure blood levels of norfloxacin. In retrospect, 
I wish we had. I can’t explain this phenomenon of the urine cul- 
tures since norfloxacin is very heavily concentrated in the urine. 

Dr Nystrom, your question is an excellent question and I don’t 
know the answer. I would rephrase it to say if you randomized 
everybody at entrance to the ICU, would you then affect 
outcome? And that gets me to the last comment, which some- 
body asked me essentially what is multiple organ failure? I wish 
I knew. A lot of people in this room have done a lot of work and 
I think we know a lot about what it is not, but what it is remains 
elusive and needs a lot more research. 
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the Regulation of Muscle Proteolysis During Sepsis 


Oded Zamir, MD; Per-Olof Hasselgren, MD, PAD; Steven L. Kunkel, PhD; 
Janice Frederick, MD; Takashi Higashiguchi, MD; Josef E. Fischer, MD 


@ The role of tumor necrosis factor (TNF) in the regulation 
of muscle protein turnover was studied in rats. Protein syn- 
thesis and total and myofibrillar protein breakdown rates 
were measured in incubated extensor digitorum longus 
muscles. Intraperitoneal administration of recombinant 
TNF-a (300 g/kg of body weight) increased total and my- 
ofibrillar protein breakdown rates by 28% and threefold, 
respectively, with no effect on protein synthesis. In subse- 
quent experiments, sepsis was induced by cecal ligation and 
puncture or a sham-operation was performed. Rats received 
TNF antiserum (1 mL/100 g of body weight) or control se- 
rum 2 hours before cecal ligation and puncture or sham- 
operation. Treatment with TNF antiserum reduced the 
mortality rate from 25% to 5% following cecal ligation and 
puncture. The treatment had no effect on protein synthesis 
but reduced total and myofibrillar protein breakdown rates 
by 26% and 39%, respectively, in septic animals. Results 
suggest TNF is involved in the regulation of sepsis-induced 
muscle proteolysis. 
(Arch Surg. 1992;127:170-174) 


M= catabolism is a characteristic metabolic re- 

sponse to sepsis that mainly reflects increased pro- 
tein breakdown, especially myofibrillar protein break- 
down.*? Although this response may be beneficial to the 
organism during the early phase of sepsis by providing 
the liver with increased amounts of amino acids for 
acute-phase protein synthesis,’ a protracted degradation 
of muscle proteins will result in muscle wasting, fatigue, 
and delayed recovery. 

Recent studies suggest that both glucocorticoids and 
different cytokines, in particular tumor necrosis factor 
(TNF), may regulate muscle protein turnover during sep- 
sis, * their exact roles in this metabolic response remain to 
be defined. The influence of TNF on muscle protein 
breakdown is controversial. In several studies, TNF failed 
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to affect protein metabolism when added to incubated 
muscles** or when administered in vivo.’ In contrast, 
other reports suggest that TNF can induce muscle 
catabolism, ’*”” possibly through stimulation of or interac- 
tion with adrenocortical hormones. !>!4 Furthermore, even 
if TNF can stimulate muscle protein breakdown when 
administered to nonseptic subjects, it does not necessar- 
ily mean that TNF actually participates in the regulation 
of muscle proteolysis during sepsis. 

The purpose of the present study was twofold. First, we 
tested the hypothesis that administration of TNF to nor- 
mal rats results in a sepsislike metabolic response in skel- 
etal muscle, that is an increased breakdown of predomi- 
nantly myofibrillar proteins. Second, we tested the 
hypothesis that TNF plays a role in the regulation of 
muscle proteolysis during sepsis by measuring muscle 
proteinsurnover rates in septic rats that had been treated 
with antiserum against TNF. 


MATERIALS AND METHODS 


Male Sprague-Dawley rats (Zivic-Miller, Zelienople, Pa) 
weighing from 40 to 60 g were used. Rats of this size possess ex- 
tensor digitorum longus muscles that are thin enough to allow 
adequate diffusion of oxygen and substrates into tissue during 
incubatien.'° The animals were maintained on regular rat chow, 
and were allowed to acclimatize in groups of three per cage in 
a room wath a 12-hour dark-light cycle at 25°C for 3 days before 
experiments began. 

Two series of experiments were performed. In the first, the ef- 
fect of human recombinant TNF-a (rTNF-a) on muscle protein 
turnover was examined. The cytokine preparation (Knoll Phar- 
maceutieals, Whippany, NJ) had a specific activity of greater than 
5 x 10° U/mg of protein and an endotoxin content of less than 5 
endotoxm units/mg of protein. A total amount of 300 ug/kg of 
body weight of the cytokine was administered intraperitoneally 
in three divided doses at 4 PM, midnight, and 8 AM. Control rats 
receivedxorresponding volumes (1 mL/100 g of body weight) of 
solvent (phosphate-buffered saline). Animals were fasted but 
had unlimited access to water after the first TNF or control in- 
jection in order to eliminate the effect of anorexia, induced by 
TNF, or muscle protein metabolism. In control experiments, 
rTNF-a, heat inactivated at 100°C for 60 minutes was used in an 
identicaFprotocol. Protein synthesis and degradation rates were 
measure in incubated extensor digitorum longus muscles (see 
below) 2 hours after the last TNF or control injection. 

In the second series of experiments, sepsis was induced by 
cecal ligation and puncture (CLP).?"* Nonseptic rats underwent 
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sham-operation, that is, laparotomy and handling, but no liga- 
tion or puncture of the cecum. All animals were resuscitated with 
normal saline (5 mL/1@0 g of body weight injected subcutane- 
ously on the back at the time of CLP or sham-operation. The rats 
were fasted but had unlimited access to water after the operative 
procedures. Metabolic studies were performed in incubated mus- 
cles (see below) 16 hours after CLP or sham-operation. This time 
point was chosen on the basis ef previous studies in which we 
found that muscle protein breakdown was increased and protein 
synthesis was inhibited 15 hours after CLP in rats.” One group 
of rats received an intraperitoneal injection of TNF antiserum 
(1 mL/100 g of body weight) 2 hours before CLP or sham- 
operation. Another greup of rats received corresponding vol- 
umes of control serum 2 hours before CLP or sham-operation. 
The antiserum was prepared from rabbits injected with mouse 
rTNF-a.! Control serum was obtained from nonimmunized rab- 
bits. The serum samples were heated to 56°C for 30 minutes to 
inactivate the complement molecules and were then stored at 
—70°C until used. The antiserum had no cross-reactivity with 
murine interleukin-1, [L-1f, IL-6, or lymphotoxin.” The ability of 
the TNF antiserum to cross-react with rat TNF and its effective- 
ness to neutralize rat TNF were reported previously.” 

For the study of protein turnover rates, the extensor digitorum 
longus muscles with the tendons intact were gently dissected. 
The dissection was performed under light ether anesthesia. The 
muscles were tied by their tendens on stainless steel supports at 
approximate resting length, weighed, and incubated for 2 
hours.” Protein synthesis rate was determined by measuring in- 
corporation of tritiated phenylalanine into trichloroacetic acid 
precipated proteins.” Total and myofibrillar protein breakdown 
rates were determined by measuring the release of tyrosine and 
3-methylhistidine, respectively, taking changes in tissue levels of 
the amino acids during incubation into account.” Tyrosine and 
3-methylhistidine were assayed by high-performance liquid 
chromatography.” 

Results are presented as means+SEMs. For statistical com- 
parisons, Student's t test for unpaired observations was used in 
the first series of experiments and analysis of variance followed 
by Duncan’s test was used in the second series of experiments. 
Survival rates were compared with x’ test. 


RESULTS 


No animals died in the first series of experiments, but 
mild symptoms of illness in the form of lethargy, loose 
stools, and piloerection developed in the r[NF-a-treated 
rats. At autopsy, performed after muscles had been har- 
vested, that is, 2 hours after the last cytokine injection, 
there was no gross evidence of gut ischemia or hemor- 
rhage. 

Treatment with rTNF-a did not significantly affect the 
protein synthesis rate in incubated extensor digitorum 
longus muscles although there was a trend toward 
reduced protein synthesis rate following administration 
of the cytokine (Fig 1). Total protein breakdown rate was 
increased by 28% amd the myofibrillar protein degrada- 
tion rate was increased threefold following administration 
of rTNF-a (Fig 1). Administration of heat inactivated 
rTNF-a did not affect muscle protein synthesis or degra- 
dation rates (data net shown), suggesting that the effect 
of the cytokine preparation was not caused by the small 
amount of endotoxin present in the preparation. 

In the second series of experiments, 25% of septic rats 
pretreated with control rabbit serum (n = 32) died within 
16 hours after CLP. The corresponding figure for septic 
rats that were pretreated with TNF antiserum (n = 40) was 
5% (P<.05). No rats died after sham-operation. 

Sepsis resulted in a 22% inhibition of muscle protein 
synthesis, a 59% increase in total protein breakdown, and 


Arch Surg—Vol 127, February 1992 


<= 
N 
x 
X 
O 
E 
Zc 
a 
£ 
c 
ac) 
5 
> 
C 
Y 
= 
oO 
g 
© 
= 
“feo 
— 


Tyrosine, nmol/g x2 h 


3-Methylhistidine, nmol/g x2 h 





Fig 1.—Protein synthesis (top), total protein breakdown (center), 
and myofibrillar protein breakdown (bottom) rates in incubated ex- 
tensor digitorum longus muscles from control rats (open bars) and 
from rats treated with human recombinant tumor necrosis factor a 
(solid bars) (three intraperitoneal doses of 100 g/kg of body weight 
each over 16 hours [n=7-9 per group]). Asterisk indicates P<.05; 
dagger, P<.005. 


a more than fivefold increase in myofibrillar protein break- 
down, as reflected by tyrosine and 3-methylhistidine re- 
lease, respectively (Fig 2). These results confirm previous 
reports from this laboratory that the most pronounced 
metabolic effect of sepsis in skeletal muscle, at least in this 


Tumor Necrosis Factor—Zamir etal 171 





Tritiated Phenylalanine, nmol/g x2 h 


Tyrosine, nmol/g x2 h 


3-Methylhistidine, nmol/g x2 h 


Fig 2.—Protein synthesis (top), total protein breakdown (center); 
and myofibrillar protein breakdown (bottom) rates in incubated ex- 
tensor digitorum longus muscles from sham-operated and septic 
rats. Rats were treated with control serum (open bars) or tumor ne- 
crosis factor antiserum (solid bars) 2 hours before either cecal liga- 
tion and puncture (CLP), or sham-operation (Sham). There were 
eight or nine rats per group. Asterisk indicates P<.05 vs correspond- 
ing sham-operated groups; dagger, P<.05 vs control injected CLP 
and vs sham-operated groups. 


experimental model, is an increase in protein degradation, 
in particular myofibrillar protein degradation, with a more 
modest inhibition of protein synthesis.”°"” The increase in 
both total and myofibrillar protein breakdown in the septic 
rats was blunted by TNF antiserum, with a significant re- 
duction of protein breakdown rates in septic rats pre- 
treated with TNF antiserum compared with septic rats pre- 
treated with control serum (Fig 2). Note, however, that 
protein breakdown rates in septic rats were not reduced to 
control levels by TNF antiserum. 
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COMMENT 

The present study showed that administration of 
rTNF-e to normal rats resulted in a sepsislike metabolic 
response in skeletal muscle and that antiserum against 
INF, administered to rats before induction of sepsis, 
blunted the increase in muscle protein breakdown. The 
data sepport the hypotheses that TNF can regulate mus- 
cle pretein turnover and plays a role in sepsis-induced 
muscle proteolysis. 

The present result of increased muscle protein break- 
down following administration of TNF to normal rats is in 
line wi previous studies in which indirect evidence of 
muscle catabolism was observed following administration 
of the cytokine in rats! or in man.2!2 The data differ, 
however, from a previous study by Kettelhut and Gold- 
berg,’ who found no changes in muscle protein turnover 
rates following human rTNF-a administered to rats even 
at a substantially higher dose (4 mg/kg) than used here. 

The reason for this discrepancy is unclear but may re- 
flect the differences in interval between the last cytokine 
injection and muscle harvesting. In our experiments, 
muscle were studied 2 hours after the last TNF injection, 
whereas in the study of Kettelhut and Goldberg,’ muscles 
were hervested 4 or 6 hours after the cytokine injection. 
This concept, that the time between TNF injection and 
measurement of protein turnover is important, was sup- 
ported by a recent study from our laboratory in which a 
total dese of 200 g/kg of body weight of rTNF-a did not 
affect muscle protein turnover rates when the last dose of 
the cy~okine was administered 8 hours before muscles 
were ineubated."* Another reason for the discrepancy be- 
tween ‘he present results and those reported by Kettelhut 
and Gaidberg® may be that muscles were incubated at 
resting ength in our study, whereas muscles were incu- 
bated flaccid in the other report.? Muscles are in a more 
physiolegic state when incubated at resting length and 
may be more responsive to various stimuli. 

It is mot known from the present study whether muscle 
proteo'wsis following administration of TNF reflected a 
direct » indirect effect of the cytokine. Previous reports 
in whieh TNF was administered in adrenalectomized rats 
or concomitant with corticosterone suggest that the effect 
of TNF on muscle protein breakdown is mediated by glu- 
cocorticdids and/or requires the presence of high gluco- 
corticosd levels as a cofactor.4 In a recent study, we 
found that the glucocorticoid receptor antagonist 
RU 38486 blocked most of the TNF-induced muscle pro- 
teolysis in rats (O.Z., P.-O.H., J.E.F), further supporting 
the concept that the effect of the cytokine on muscle pro- 
tein turnover is mediated by glucocorticoids. 

The protective effect of TNF antiserum against mortal- 
ity during sepsis noted in this study is in line with previ- 
ous reports in which passive immunization against TNF 
proteced mice from the lethal effect of endotoxin and 
preverted septic shock during lethal bacteremia in ba- 
boons.~ These results demonstrate that TNF is involved 
in sorre of the serious adverse consequences of sepsis, 
although the exact mechanism of this effect is not fully 
knowr. The results indicate that treatment with anti-TNF 
antibodies may have a therapeutic role in severe sepsis. 

To the best of our knowledge, the present study is the 
first tc show that TNF is involved in the regulation of 
muscle proteolysis during sepsis. The results, however, 
do nof resolve the question of whether muscle protein 
breakcown is directly or indirectly mediated by TNF dur- 
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ing sepsis. It is possible that TNF is a proximal mediator 
of the metabolic response to sepsis. A recent study from 
our laboratory, in which the glucocorticoid receptor 
antagonist RU 38486 blocked the sepsis-induced muscle 
proteolysis, suggests that glucocorticoids may be a more 
distal regulator of muscle proteolysis in sepsis.” Regard- 
less of whether TNF is a direct or indirect mediator of 
muscle proteolysis, the present results confirm the im- 
portant role of this cytokine in the metabolic response to 
sepsis. 

Release of 3-methylhistidine from skeletal muscle spe- 
cifically measures myofibrillar protein breakdown, 
whereas tyrosine release reflects total protein break- 
down.” Because in a previous report we found that 
sepsis-induced musele catabolism is mainly caused by 
myofibrillar protein degradation,’ it is important to in- 
clude determinations of 3-methylhistidine release when 
muscle protein breakdown rates are measured. Substan- 
tial changes in myofibrillar protein degradation rates may 
not be detected if only total protein breakdown rates are 
determined, since the contribution of myofibrillar pro- 
teins to tyrosine release is relatively small.” In the present 
study, the relative reduction of 3-methylhistidine release 
from incubated muscles of septic rats treated with TNF 
antiserum was somewhat more pronounced than the re- 
duction of tyrosine release. 

The observation in the present study that muscle pro- 
tein breakdown was reduced but not normalized in sep- 
tic rats treated with TNF antiserum may reflect incomplete 
neutralization of endogenous TNF released following 
CLP. In previous in vitro studies, 1 mL of the antiserum 
blocked approximately 1.8x 10° U of TNF.” The total 
amount of TNF produced during sepsis is not known, but 
it is possible that a larger amount of antibodies than was 
used in this study is needed to completely block TNF re- 
leased following CLP in rats. 

Another, and perhaps more likely, explanation why the 
TNE antiserum reduced but did not normalize muscle 
proteolysis in septic rats may be that TNF is only one of 
several mediators that work in concert during sepsis. Ev- 
idence for a synergistic interaction between TNF and 
IL-1 and between TNF and glucocorticoids" in the reg- 
ulation of muscle protein turnover has been reported. It 
is possible that several mediators need to be blocked 
simultaneously to completely prevent sepsis-induced 
muscle proteolysis. 

Reduced muscle protein synthesis in septic rats as ob- 
served here, is in line with previous reports from this lab- 
oratory,” and suggests that both decreased protein syn- 
thesis and increased protein breakdown contribute to 
muscle catabolism in sepsis. Previous studies indicate that 
from a quantitative standpoint the increased protein 
breakdown is the most important factor of muscle catab- 
olism, at least in the current experimental model.*’° The 
results in both series of experiments in this report suggest 
that the inhibition of muscle protein synthesis during 
sepsis is not primarily mediated by TNF. 


This study was supported in part by National Institute of Health 
grant 2RO1 DK 37908-04A1. 
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Discussion 


STEPHEN F. Lowry, MD, New York, NY: Firstly, let me con- 
gratulate you on your continuing efforts to dissect out mediators 
that might be responsible for the dysregulation of muscle protein 
metabolism observed in experimental sepsis. The current paper 
further attests to the complexity of this system. As you are 
aware, evidence significant proteolysis does not readily occur in 
the human with either exogenous TNF or LPS administration. 
Rather, it would appear that a significant degree of counter- 
regulation, specifically the glucocorticoid response, is a neces- 
sary adjunct to any observable increase in muscle proteolysis. As 
a consequence, it appears that the adrenocortical response is 
critical to the induction of proteolysis and changes in tissue pro- 
tein kinetics. 

You have given repeated doses of tumor necrosis factor to 
these animals. The temporal relationship between the adminis- 
tration of such an agent and observed metabolic perturbations 
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The incidence of myasthenia gravis (MG) was found to be constant in calendar 
time. The mean annual incidence rate was 4.4 per nillion population. Age- and 
sex-specific incidence rates disclosed a bimodal appearance for both sexes, with a 
peak age at onset located in the early-onset group amd another peak for late onset 
of MG. Early onset of MG appeared 10 years later fə- male individuals than for fe- 
male individuals, whereas the peak for late onset af MG was located at the same 
age for both sexes. It is suggested that the separaticr between early onset and late 
onset of MG should be at the age of 50 years for kcth sexes, rather than at 35 to 
40 years as accepted in most studies. The prevalence of MG has increased in time. 
On January 1, 1988, the point prevalence rate was 77 per million population (fe- 
male subjects, 96, and male subjects, 57). This refleets an improvement in progno- 
sis despite the fact that life expectancy was found te be significantly lower for MG 
patients than that of the sex- and age-matched pop=ation. The factors causing in- 
creased mortality were found to be operative throughout the duration of the dis- 
ease. Maximum severity of disease was reached within 2 years from onset in 78% 
of the cases, and more than 50% of all MG-related deaths occurred during the same 
period. In the course of MG, 70% of all patients experience generalized muscular 
weakness, and 30% to 40% also suffer from respizetory problems. (Arch Neurol. 


Reprint requests to Department of Neurology, 


may be critical. Do you have any data as to the sensitivity of your 
metabolsc determinants with a single dose of tumor necrosis fac- 
tor? I ask this because it is now evident that some degree of 
downregulation to the TNF response by internalization or shed- 
ding of ceptors may occur. Asa consequence, you may not be 
observing a TNF specific response. 

Have vou achieved complete neutralization of the circulating 
tumor necrosis factor levels with your antiserum? Obviously, it 
is also essential to know whether neutralization occurs against 
the cell essociated form of the cytokine. This latter species may 
be the more important determinant of tissue TNF responses. 

Finaly, the differences observed with respect to TNF re- 
sponses in the more chronic CLP model suggest that additional 
mechanisms may be operative under these circumstances. You 
have alluded to the glucocorticoid response, and refer to addi- 
tional stadies with RU486. I wonder if you have utilized the 
combina-ion of this cytokine and RU486 to determine whether 
you canamfluence tissue protein kinetics? Additionally, have you 
measure] other mediators that might be modulated in this 
model ever the 24-hour study period? Thank you for the oppor- 
tunity ts discuss this interesting manuscript. 

DR ZAMIR: As discussed in the manuscript, the mechanism by 
which TNF affects muscle proteolysis is unknown. It has been 
suggested that the effect of TNF is mediated by glucocorticoids 
(Mealy X, et al. Arch Surg. 1990;125:42). We have recently found 
that in eentrast to the proteolytic effect of IL-1, which is not af- 
fected by RU 38486, TNF-induced muscle proteolysis is inhibited 
by the g ucocorticoid blocker RU 38486. This observation sug- 
gests tha: at least part of the metabolic effect of TNF is mediated 
by adrenacortical stimulation. The role of cytokines and other me- 
diators and the cascade of events stimulated by sepsis that lead 
to muscle proteolysis has yet to be defined. Regarding the dose 
of TNF, the reason we gave TNF in repeated doses over 16 hours 
was to simulate the 16-hour septic model we used in the first part 
of the study. It is possible, as you suggested, that the way of ad- 
ministration of the cytokine affects the metabolic response. 
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Liver Injury Is a Reversible Neutrophil-Mediated Event 
Following Gut Ischemia 


Renato S. Poggetti, MD; Frederick A. Moore, MD; Ernest E. Moore, MD; 
Denis D. Bensard, MD; Benjamin O. Anderson, MD; Anirban Banerjee, PhD 


@ The purposes of this study were to characterize the tem- 
poral relationship ef distant organ dysfunction after me- 
senteric ischemia/reperfusion (I/R), and to ascertain if the 
neutrophil is critical to this process. Normal and neutrophil- 
depleted rats (vinblastine sulfate, 0.75 mg/kg intravenously) 
underwent 45 minutes of superior mesenteric artery occlu- 
sion and after 0, 6, and 18 hours of reperfusion, blood was 
sampled and liver and lungs were harvested. lodine 125 al- 
bumin leak was used as a marker for pulmonary and liver 
injury, and serum acetoacetate/3-hydroxybutyrate (AcAc/ 
3-OHB) was used as an index of hepatic mitochondrial re- 
dox state. Gut I/R at 6 hours increased '*I-albumin lung/ 
blood ratio (gut I/R, 0.077+0.006; control, 0.045+0.004) 
and '*|-albumin liver/blood ratio (gut I/R, 0.120+0.007; 
control, 0.077 +0.003), while AcAc/3-OHB decreased sig- 
nificantly (gut I/R, 0.420+0.040; control, 0.880+0.120). 
Neutrophil depletion eliminated these changes at 6 hours 
(blood AcAc/3-OHB, 0.720+0.100; 15I  liver/blood, 
0.068+0.006; '”I lung/blood, 0.046+.007). We conclude 
the following: (1) intestinal I/R produces simultaneous liver 
and lung injury; (2) injury was present at 6 hours but is re- 
versed at 18 hours; and (3) the I/R-induced liver and lung 
injuries were neutrophil mediated. 
(Arch Surg. 1992;127:175-179) 


G ischemia/reperfusion (I/R) has been implicated as 

a prime mechanism in the pathogenesis of multiple 
organ failure (MOF).*’ The clinical presentation of early 
postinjury MOF is adult respiratory distress syndrome 
(ARDS) characterized by a capillary leak. Currently, the 
neutrophil has been invoked as the effector of this endo- 
thelial cell injury.** Typically, the liver is the next sequen- 
tial organ to fail, heralded by an insidious rise in the serum 
bilirubin level. We hypothesized that gut I/R provokes si- 
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multaneous liver and lung dysfunction as a primary sys- 
temic event rather than a sequential cascade of organ fail- 
ure. Initial trauma/shock may prime the liver for this sec- 
ondary dysfunction or conceivably produce concurrent 
injury. Recently, the systemic ketone body ratio (KBR) has 
been proposed as a sensitive marker of early hepatic 
dysfunction.*’ The purposes of this study were (1) to em- 
ploy iodine 125 albumin flux measurements and the sys- 
temic KBR to characterize the temporal relationship of 
lung and liver dysfunction following gut I/R and (2) to as- 
certain if the neutrophil is critical in this process. 


MATERIALS AND METHODS 
Animal Model 


Adult male Sprague-Dawley rats (Sasco Inc, Omaha, Neb) 
weighing 389+3 g were used. These rats were kept at 25°C with 
12 hours of light-dark cycles. They were fed rat chow (Agway 
Prolab 3000, Agway Inc, Syracuse, NY) and given water ad libi- 
tum. Operative procedures were performed under general 
anesthesia with ketamine hydrochloride, 80 mg/kg, (Parke- 
Davis, Morris Plains, NJ) and xylazine hydrochloride, 8 mg/kg, 
(Mobay Corporation, Shawnee, Kan) administered intraperito- 
neally. Via a midline laparotomy, the superior mesenteric artery 
(SMA) was isolated and a bulldog arterial clamp was applied at 
the aortic origin. The abdomen was then covered with a sterile 
plastic wrap. After 45 minutes of intestinal ischemia, the arterial 
clamp was removed, the laparotomy incision was closed, and the 
animals were allowed to awake (45 minutes of intestinal ischemia 
was chosen because at 24 hours of reperfusion there was no 
mortality and the intestinal mucosa was intact; whereas longer 
periods of intestinal ischemia produced irreversible changes in 
the gut and mortality progressively increased). After 5.5 hours 
of intestinal reperfusion, the rats were reanesthetized with the 
above agents, the laparotomy was reopened, and 0.037 MBq of 
'1-albumin (ICN Radiochemicals, Irvine, Calif) in 0.5 mL of 
phosphate-buffered saline was injected into the infrarenal vena 
cava. Thirty minutes later (6 hours of reperfusion), appropriate 
blood samples were obtained and the lung or liver was harvested 
as described below. Neutrophil-depleted animals were rendered 
neutrophil deficient by injecting vinblastine sulfate, 0.75 mg/kg, 
in the tail vein 4 days prior to the experiment procedure.’ A dif- 
ferential white blood cell count was obtained to assure neutro- 
phil elimination (<1% circulating white blood cells) prior to 
study. Control (sham-operated) animals were submitted to all 
procedures except SMA occlusion. 

The lungs were harvested as described previously.’ In brief, 
tracheostomies were performed, and the rats were ventilated 
with room air plus 5% carbon dioxide (Harvard Rodent Ventila- 


Liver Injury and Gut Ischemia—Poggetti et al 175 


r 
T 
al D a 


0.14 
[Z1 Lung Control 


GBM Lung Gut I/R 
C] Liver Control 
KZJ Liver Gut I/R 


x 


\A 


125] Tissue/Blood 
© 
= 
čo 
y 
kJ 
S 


555 
SLS 


O76 
SS 


0.04 


O 
O 
N 
CX 
2S? 


5 





0.00 





pas) 


End Rep ep End Rep 
Isch 6h 18h Isch 6h 


Fig 1.—/odine 125 albumin tissue/blood ratios (lung and liver): (1) 
end of 45 minutes of intestinal ischemia (Isch); (2) after 6 hours of 
intestinal reperfusion (Rep); and (3) after 18 hours of intestinal 
reperfusion. Asterisk indicates P<.05; I/R, ischemia/reperfusion. 
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Fig 2.—Blood ketone bodies ratio (KBR) (acetoacetate/ß- 
hydroxybutyrate [AcAc/3-OHB]): (1) end of 45 minutes of intestinal 
ischemia (Isch); (2) after 6 hours of intestinal reperfusion (Rep); and 
(3) after 18 hours of intestinal reperfusion. Asterisk indicates P<. 05; 
lIR, ischemia/reperfusion. 


tor model 683, Harvard Apparatus Co, Millis, Mass) at 60 breaths 
per minute, 9 cm H,O peak inspiratory pressure, 2 cm H,O pos- 
itive end-expiratory pressure. Median sternotomies were per- 
formed and 1.0 mL of heparinized blood was obtained from the 
ascending aortic arch to determine 'I-albumin concentration. 
Lungs were heparinized (500 USP) via the right ventricular out- 
flow tract and then perfused intra-arterially with modified 
Krebs-Henseleit solution (at a pH of 7.45, containing 4 gm/dL 
Ficoll 70 and 10 mmol/L N-2 hydroxyethyl piperazine-N-2- 
ethanesulfonic acid) at 0.04 mL/g of body weight per minute with 
a peristaltic pump (Masterflex Pump, Cole Parmer Inc, Chicago, 
Ill) for 2 minutes. Left and right lungs were then rinsed externally 
with saline, blotted dry, and weighed separately. Liver harvest 
was performed in another group of animals. Heparinized blood 
samples for 'I-albumin concentration (1.0 mL from ascending 
aorta) and KBR determination (6 mL from the suprahepatic vena 
cava) were obtained. The liver was perfused via suprahepatic 
vein catheterization, after the portal vein and hepatic artery were 
transected and the same modified Krebs-Henseleit solution was 
infused for 2 minutes. Liver was rinsed externally with saline, 
blotted dry, and weighed. The above study protocol was 
approved by the Denver General Hospital Institutional Animal 
Care and Use Committee. 


Lung and Liver '51-Albumin Flux Measurement 


Following organ harvest, the left lung, left hepatic lobe, and 
1.0 mL of blood (from the same animal) were counted for I ra- 
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dioactivity (Packard Scintillation Spectrometer model 5330, 
Packard instrument Co Inc, Downer’s Grove, Ill). Lung and liver 
protein fux, as measured by ]-albumin lung and liver uptake, 
were calculated as the ratio of I lung counts to “I blood counts 
and I liver counts to I blood counts. 


Acetoacetate and 8-Hydroxybutyrate 

Hepar-nized blood was centrifuged to separate the plasma and 
it was stored at —70° until assayed spectrophotometrically 
(Centrifichem System 500, Union Carbide).’ Plasma samples of 
20 uL and 5 pL were used to give final (sample plus diluent) vol- 
umes @: 70 uL and 55 uL for acetoacetate (AcAc) and 
3-hydro»ybutyrate (3-OHB), respectively. Reagent volume was 
always 250 uL. The reagents for AcAc were triethanolamine 
buffer ft a pH of 7.0), 0.025 mmol/L; the reduced form of 
nicotinamide-adenine dinucleotide (NADH), 0.43 mmol/L; Na+ 
oxamate. 16 mmol/L; 3-hydroxybutyrate dehydrogenase, 0.6 
U/mL; and lithium acetoacetate, 2 mmol/L and 0.5 mmol/L and 
for 3-OHB (Sigma Diagnostic Kit 310-A, Sigma, St Louis, Mo). All 
reagents were prepared in distilled, deionized water. The reac- 
tion wae followed spectrophotometrically at 340 nm, 37°C. 
Changes in the absorbance reading at 3 seconds (A,) and the fi- 
nal (A;) seading at 8 minutes were used to calculate the end point. 
Ketone body ratios (AcAc/3-OHB) were calculated for each an- 
imal and then averaged. 


Statistics 
Data variables are reported as mean+SEM. All groups con- 
tained five or more animals. Comparisons among study groups 
were made by a one-way analysis of variance followed by Fish- 
er's Protected Least Significant Difference test for group pairs. 


RESULTS 
Gut Ischemia 


Forty-five minutes of SMA occlusion did not change the 
'*]-albumin lung/blood ratio (0.047+0.006) when com- 
pared with control animals (0.050+0.006) (Fig 1). The 
same pattern was observed in ™]-albumin liver/blood ra- 
tio after 45 minutes of SMA occlusion (gut ischemia, 
0.077+2.006; control, 0.076+0.008). Likewise, 45 minutes 
of SMA occlusion alone did not produce alteration in the 
animals’ KBR compared with control (gut ischemia, 
1.000+%.070; control, 0.850+0.080) (Fig 2). 


Gut Ischemia/Early Reperfusion 


With SMA occlusion for 45 minutes followed by 6 hours 
of intest-nal reperfusion, I-albumin lung/blood ratio in- 
creased significantly when compared with control ani- 
mals (git I/R, 0.077+0.006; control, 0.045+0.004, P<.05) 
(Fig 1). The I-albumin liver/blood ratio also increased 
significantly (gut I/R, 0.120+0.007; control, 0.077+0.003, 
P<.05), while 6 hours of intestinal reperfusion signifi- 
cantly cecreased KBR (gut I/R, 0.420+0.040; control, 
0.880+8 120, P<.05) (Fig 2). 


Gut Ischemia/Late Reperfusion 


After 18 hours of intestinal reperfusion, ™I-albumin 
lung/bleod ratio (gut IR, 0.043+0.005; control, 
0.038+8 004), '*I-albumin liver/blood ratio (gut I/R, 
0.095+8 005; control, 0.080+0.017) (Fig 1), and the KBR 
(gut I/R, 0.700+0.095; control, 0.920+0.127) had returned 
to contzel levels (Fig 2). 


Neutrophil Depletion 


Neutrophil depletion ablated the changes observed af- 
ter 45 mimutes of intestinal ischemia and 6 hours of reper- 
fusion: I-albumin lung/blood ratio (gut I/R, 0.046+0.007; 
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control, 0.038+0.004); 'I-albumin liver/blood ratio (gut 
I/R, 0.068+0.006; control, 0.078+0.006); and KBR (gut I/R, 
0.720+0.100; control, 0.900+0.140) (Figs 3 and 4). 


COMMENT 


Multiple organ failure is the leading cause of late 
postinjury death and the early shock insult seems to be a 
prime initiating event.” Splanchnic vasoconstriction, an 
early survival response to shock, can result in a signifi- 
cant, prolonged gut ischemia.'** While a shift to anaer- 
obic metabolism permits transient tolerance, an extended 
perfusion deficit may lead to release of inflammatory me- 
diators as well as cellular dysfunction and ultimately 
death. °° However, aggressive volume resuscitation with 
prompt restoration of blood flow to the ischemic gut may 
be associated with a reperfusion-induced injury, ie, the 
superficial gastrointestinal mucosal disruption caused by 
ischemia is magnified by oxygen-derived free radicals re- 
leased during reperfusion.” These oxy-radicals recruit 
circulating neutrophils (polymorphonuclear leukocytes 
[PMNs]) that not only plug the local microvasculature and 
release cytotoxic substances (generated by oxygen- 
dependent and oxygen-independent processes) but in- 
teract with the endothelial cells to further amplify oxy- 
radical production.” More recently, this gut I/R has been 
implicated in initiating remote organ failure.* Schmeling 
et al* showed in a rodent model that 120 minutes of SMA 
occlusion followed by 120 minutes of reperfusion pro- 
duced acute lung injury characterized by neutrophil 
sequestration, capillary endothelial cell injury, and in- 
creased microvascular permeability. These findings are 
consistent with postinjury ARDS occurring 24 to 48 hours 
following a traumatic event. Clinically, the liver is the next 
organ to fail and this is heralded by a gradual rise in the 
serum bilirubin level. The exact mechanism for this 
hepatic dysfunction is unclear. As a result, investigation 
of MOF has focused on this scenario as a sequential cas- 
cade. However, our data suggest that the initial gut I/R 
insult causes simultaneous lung/liver dysfunction, but in 
the clinical arena substantial hepatic reserve, as well as the 
lack of an early, discriminating, liver function test result, 
delays recognition of hepatic failure. 

Recently, the group from Kyoto, Japan, had promul- 
gated the systemic KBR as a sensitive marker of deranged 
liver metabolism se2n with postoperative MOF.’ The ke- 
tone bodies acetoacetate (AcAc) and B-hydroxybutyrate 
(3-OHB) are produced mainly in the liver, and the 
systemic KBR (AcAc/3-OHB) has been established to be in 
equilibrium with mitochondrial NAD/NADH in the 
liver.” Derangements in the citric acid cycle or in oxida- 
tive phosphorylation cause a buildup of mitochondrial 
NADH.”'~ The consequent decrease in the NAD/NADH 
ratio, a measure of liver energy status is, therefore, 
reflected systemically by a decrease in the KBR. In their 
basic laboratory work, systemic KBRs have correlated well 
with the hepatic energy charge ([adenosine triphos- 
phate+1/2 adenosine diphosphate]/[adenosine triphos- 
phate+adenosine diphosphate+adenosine monophos- 
phate]) levels in jaundiced, hepatectomized, hemor- 
rhagic, and endotoxin-shocked animals.°°”* Indeed, in 
our recent rat model where t-butyl peroxide was infused 
into the portal vein, the systemic KBR was a more sensi- 
tive marker of hepatic dysfunction injury than ™I- 
albumin leak, blood and tissue glutathione oxidation 
(GSSG/GSH) ratio, tissue lipid peroxidation (malondial- 


Arch Surg—Vol 127, February 1992 


E Lung 
EI Liver 


125] Tissue/Blood 


Gut I/R Gut I/R 


Vinblastine 


Gut I/R Gut I/R Contro’ 


Vinblastine 


Control 


Fig 3.—/odine 125 albumin tissue/blood ratios (lung and liver) after 
gut ischemia/reperfusion (I/R) at 6 hours: (1) sham-operated animals 
(control); (2) animals submitted to gut I/R at 6 hours (gut I/R); (3) with 
vinblastine sulfate pretreatment followed by gut I/R at 6 hours (gut 
I/R vinblastine). Asterisk indicates P<.05. 
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Fig 4.— Blood ketone bodies ratio (acetoacetate/B-hydroxybutyrate 
[AcAc/3-QHB]) after gut ischemia/reperfusion (I/R) at 6 hours: (1) 
sham-operated animals (control); (2) animals submitted to gut I/R at 
6 hours (gut I/R); (3) with vinblastine sulfate pretreatment followed 
by gut I/R at 6 hours (gut I/R vinblastine). Asterisk indicates P<.05. 


dehyde levels), cellular disruption (alanine aminotrans- 
ferase levels) as well as bile flow.” 

In this model, 45 minutes of intestinal ischemia fol- 
lowed by 6 hours of reperfusion caused simultaneous 
lung and liver capillary leak with a coincident decrease in 
systemic KBR. The 'I-albumin lung leak is consistent 
with other models of ARDS induced by a variety of 
insults. The timing of the liver '”I leak was simultaneous 
with changes in the systemic KBR. Our data suggest that 
these changes are unlikely to be caused by liver ischemia 
secondary to SMA occlusion. Ischemia is invariably asso- 
ciated with accumulation of NADH (termination of elec- 
tron transport). This mitochondrial NADH accumulation 
is reflected by the KBR which is in equilibrium with the 
NADH/NAD couple. Figure 2 shows that after 45 minutes 
of ischemia there is no change in the KBR indicating that 
NADH concentrations are not increased after SMA occlu- 
sion alone. The sheep model of Daryani et al” or ARDS 
has also documented simultaneous increased lipid per- 
oxidation in lung and liver following a 15% body surface 
third-degree burn. The reversibility of the lung/liver dys- 
function in this gut I/R model indicates that we are 
observing injury which is an order of magnitude less than 
what is acknowledged as clinical MOF. No doubt longer 
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periods of SMA occlusion would result in more profound 
remote organ dysfunction. However, these observations 
would be difficult to interpret because of the likelihood of 
reperfusing necrotic tissue with associated washout of 
toxic cellular breakdown products. This reversible gut 
I/R-induced lung/liver dysfunction may also represent a 
subclinical vulnerable window, where a second insult (eg, 
endotoxin load from delayed bacterial translocation) 
would result in the full-blown MOF syndrome. 

At this juncture, we cannot ascertain the exact role of 
the PMN in mediating the gut injury vs triggering remote 
organ dysfunction. Deitch et al* found that neutrophil 
depletion did not protect the intestinal mucosa in shocked 
rats. Similarly, the work of Grisham and Granger’? dem- 
onstrated that the PMN was not essential for gut xanthine 
oxidase—mediated reperfusion injury, although the neu- 
trophil amplified the I/R event. A diffuse neutrophil 
(PMN) mediated endothelial injury has been proposed as 
the underlying mechanism for MOF. Most ARDS models 
support a PMN endothelial interaction leading to in- 
creased capillary leak.*** Schmeling et al? have confirmed 
histologically that gut I/R results in pulmonary PMN se- 
questration, which is associated with acute lung injury. 
Likewise in our shock model where rats were bled to a 
mean arterial pressure of 40 mm Hg for 30 minutes, lung 
myeloperoxide levels were elevated when 'I-albumin 
leak was increased.” However, evidence that the neutro- 
phil directly mediates liver injury is not well defined. 
Grisham and Granger” have shown in their feline shock 
model that myeloperoxide levels are increased in the up- 
per gastrointestinal tract and lung, but not liver. How- 
ever. Thorne et al,” in a soft-tissue trauma model in pigs, 
demonstrated immediate pulmonary neutrophil seques- 
tration with simultaneous liver neutrophil trapping, albeit 
less dramatic. Our detection of early changes within the 
liver necessitates future mechanistic studies delineating 
the precise role of PMNs in causing liver dysfunction. 

In conclusion, this animal model has demonstrated that 
(1) gut I/R provokes simultaneous liver and lung dysfunc- 
tion as a primary systemic event rather than a sequential 
cascade of organ failure, (2) this simultaneous dysfunc- 
tion is present at 6 hours but is reversed at 18 hours, and 
(3) this organ dysfunction pattern may be neutrophil me- 
diated. We believe these findings are clinically relevant 
and warrant further mechanistic elucidation to develop 
early therapy to prevent the “MOF cascade.” 


This investigation was supported in part by grants P50 HL40784- 
01, KO8 HLO 1849-09, and R 29 HL 43696-01 from the National In- 
stitutes of Health, Bethesda, Md, and by CNPq grant 203143/89.2 (Dr 
Poggetti). 
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Discussion 

DaviD H. AHRENHOLZ, MD, St Paul, Minn: We have come a 
long way in our understanding of neutrophil function from the 
simplistic idea that neutrophils function to eat and kill bacteria, 
thus eradicating infection. A host of adverse affects are now at- 
tributed to the activated neutrophil, including local reperfusion 
injury and distant lung dysfunction. The authors have now used 
a rat model of bowel ischemia and reperfusion to add a 
neutrophil-mediated transient hepatic dysfunction to this list. In 
their model the deficient was documented at 6 hours reversed 
completely by 18 hours. 

As we discussed before this session, Schmeling et al used this 
model to study pulmonary injury after SMA occlusion and 
reperfusion. These data were presented at the 1989 SUS and are 
referenced in the article. But Schmeling et al found neutrophil 
depletion completely prevented the gut injury and the lung in- 
jury with 60 minutes cf ischemia. However, today’s data show 
a significant but reversible lung injury with 45 minutes of 
ischemia. Is this due to the prolonged time course or to the in- 
creased sensitivity of your lung function tests? Please also com- 
ment upon your choice of time points. Schmeling et al found 
demonstrable pulmonary injuries as early as 15 minutes after 
reperfusion. 

In addition, have you considered that the hepatic dysfunction 
is a function of the site of ischemia? Will similar hepatic injury 
occur with high limb ischemia where the washout of PMNs cross 
the pulmonary bed rather than the liver and then the lung which 
is found with gut ischemia? Portacaval transposition might also 
answer this question. Finally, would you discuss the specific 
mechanisms for this neutrophil-mediated effect on the liver? Our 
colleagues from Pittsburgh have shown in neutrophil- 
hepatocyte co-culture that hepatocytes are very resistant to 
oxygen-free radicals. So perhaps granule contents are responsi- 
ble for the effects you have found. Have you performed light 
microscopy to document the magnitude of neutrophil seques- 
tration in the liver after I/R or, alternatively, have you sampled 
portal vein blood for PMN elastase or collagenase or other gran- 
ule enzymes which may be released by the neutrophils during 
ischemia? 

This represents a nice initial step in delineating this 
neutrophil-mediated temporary hepatic dysfunction and we 
look forward to further investigations of the mechanisms in- 
volved. 

TIMOTHY BILLIAR, MD., Pittsburgh, Pa: Were you able to dem- 
onstrate an increase in the number of neutrophils within the liver 
at the early time point? Certainly endotoxin infusions have been 
shown to induce an early increase in neutrophil numbers in the 
liver. You spoke of the liver injury and use the ketone body ra- 
tio as an indicator of injury. Do you have data of more direct ev- 
idence of injury such as increases in circulating enzyme levels? 
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I would also be interested to know whether or not you were able 
to determine which neutrophil activation product was involved 
in inducing this change in liver function. 

BARRY BROWNE, MD, Wauwatosa, Wis: Could you please tell 
us which reperfusion model you used? This is important because 
Megison et al showed that collateral ligation is critical for obtain- 
ing reproducible results. Do you think that endotoxemia which 
occurs following reperfusion may play a role in activating the 
neutrophils responsible for inducing damage? 

EDWIN A. DEITCH, MD, Shreveport, La: How much of the 
protection do you think was due to depletion of neutrophils vs 
potentially preventing the gut from being injured during the is- 
chemia period? The second question is based on the results of 
our studies in which neutrophil depeletion was not protective 
after hemorrhagic shock. In fact, not only did neutrophil deple- 
tion not prevent intestinal injury after shock but by 24 hours 
postshock systemic sepsis had developed in these neutropenic 
animals. So, my second question is have you looked at these an- 
imals at later time points than 6 hours after neutrophil depletion? 
Lastly, occluding the SMA is a different model than hypovolemic 
or cardiac shock, since in those circumstances there is perfusion 
to the gut, while after SMA occlusion there is no blood flow. 
Therefore, do you believe that your results can be extrapolated 
from the SMA model to other models? 

MARY RODRICK, PHD, Boston, Mass: We have heard a lot here 
about the effects of tumor necrosis factor (TNF) and MOF syn- 
drome, and I would like to comment on the fact that PMNs also 
make numerous cytokines, including TNF, interleukin 1, and the 
colony-stimulating factors. It might be something to consider in 
your next study. 

DR POGGETTI: I would like to thank you for the questions and 
for the comments. I will try to address all the questions. 

By depleting the neutrophils, it is difficult to distinguish 
whether we are preventing the first injury in the gut or if we are 
preventing the second injury in the lung and liver. We would 
have to be able to control both injuries in very specific ways to 
detail whether we are actually blocking the injury in the gut or 
in the liver. Granger’s work shows that neutrophil depletion can 
prevent the accumulation of neutrophils in the gut, but cannot 
prevent the xanthine oxidase injury in the gut. Also there is the 
work of Deitch that shows that shock produces gut injury, and 
neutrophil depletion does not prevent that injury in the gut. For 
us to independently block intestinal injury or the lung/liver in- 
jury, we need experiments where we can control both injuries 
and then say what was prevented by taking the neutrophils out. 

Regarding the comment about accumulation of neutrophils in 
the liver, we can certainly measure neutrophils accumulated in 
an organ, however, that does not mean that neutrophil is acti- 
vated. Numerous articles in the literature have shown that small 
procedures in animals can cause accumulation of neutrophils in 
different organs. For example in our laboratory, the simple cath- 
eterization of an artery in a Sprague-Dawley rat produces accu- 
mulation of neutrophils in the lung, but does not cause injury 
assessed by the leak of I-albumin. Just measuring accumula- 
tion of neutrophils does not indicate injury. We have to measure 
the activation status of the neutrophil. We did not measure neu- 
trophil activation in this study, but we are certainly addressing 
this question. 

As for the question regarding looking at different times in 
those animals that were depleted of neutrophils, the answer is 
no. We did not look yet, but we should address this. In our lab- 
oratory using this model what we have found is that the injury 
we see at 6 hours represents a ‘vulnerable window’ for a second 
insult. By giving endotoxin to these animals at 6 hours of gut is- 
chemia and reperfusion, we can greatly amplify the leak in the 
liver, the lung, and create changes in the KBR. The mortality of 
these animals increases dramatically. Thus, the vulnerable win- 
dow for a second insult can possibly bring about MOF. 
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Effect of Combined Cortisol-Endotoxin Administration 
on Peripheral Blood Leukocyte Counts and Phenotype 
in Normal Humans 


Steve E. Calvano, PhD; Annabel E. Barber, MD; Arthur S. Hawes, MD; Herbert F. de Riesthal; 
Susette M. Coyle, RN; Stephen F. Lowry, MD 


è We studied the role of lipopolysaccharide and the asso- 
ciated hypercortisolemic response as mediators of leuko- 
cyte changes associated with endotoxemia. Normal human 
subjects were given continuous, 12-hour, intravenous infu- 
sions of cortisol. After 6 hours of cortisol infusion, li- 
popolysaccharide (20 U/kg) was administered in an intra- 
venous bolus. Plasma cortisol and blood leukocyte counts 
and lymphocyte subset proportions were evaluated every 
hour throughout the 12-hour study period. After 6 hours of 
cortisol infusion, lymphocyte counts and proportions of 
CD4+ helper/inducer T cells had declined significantly. The 
fact that these cells did not decline further in response to li- 
popolysaccharide and continued cortisol infusion suggests 
that lipopolysaccharide-induced lymphocyte changes are 
cortisol dependent. In contrast, the granulocytosis normally 
observed after lipopolysaccharide administration was un- 
affected by cortisol infusion. Finally, the monocyte counts 
and proportions of B cells (HLA-DR+ or CD20+ cells) re- 
sponded to cortisol infusion and LPS in a pattern distinct 
from that of lipopolysaccharide alone. These results indi- 
cate that lipopolysaccharide-induced hypercortisolemia 
plays a role in immune modulation during endotoxemia. 
(Arch Surg. 1992;127:181-186) 


P lasma glucocorticoid levels increase significantly above 

basal levels within 1 to 2 hours after lipopolysaccharide 
(LPS) administration. '* In human subjects, it has been dem- 
onstrated that peripheral blood leukocyte counts increase in 
response to LPS.™ However, only granulocyte counts in- 
crease during endotoxemia, whereas lymphocyte and 
monocyte counts significantly decrease.** Further, the per- 
centage of CD3+ T lymphocytes declines, and this decrease 
can be accounted for almost entirely by a concomitant fall in 
the percentage of CD4— helper/inducer T cells.* By contrast, 
percentages of CD8+ suppressor/cytotoxic T cells show only 
small changes.* 

A similar pattern of leukocyte response also was ob- 
served during glucocorticoid administration to normal 
subjects.>” As a consequence, it was hypothesized that the 
rise in cortisol concentration induced by LPS may be re- 
sponsible for the observed leukocyte changes. However, 
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within the setting of experimental endotoxemia in normal 
volunteers, only a correlative relationship between ele- 
vated cortisol concentration and leukocyte changes has 
previously been discerned. In theory, the most direct way 
to experimentally demonstrate a causal relationship be- 
tween these two variables would be to block the cortisol 
response to LPS and show that the pattern of leukocyte 
change specific to endotoxin does not occur. Such studies 
could be performed by administering LPS to adrenally in- 
sufficient subjects or to subjects manipulated pharmaco- 
logically with metyrapone, a glucocorticoid synthesis in- 
hibitor, or RU-486, a glucocorticoid receptor antagonist. 
However, since LPS administration to subjects rendered 
adrenally insufficient is hazardous, a cortisol clamp 
method was chosen for the present study. Under these cir- 
cumstances, leukocyte changes in response to cortisol 
only occur before LPS administration. Then, by maintain- 
ing the cortisol clamp after giving LPS, cortisol levels re- 
main continuously elevated, and thus, any subsequent 
leukocyte “excursions” are assumed to be independent of 
LPS-induced hypercortisolemia. 


SUBJECTS AND METHODS 
Subjects 


All studies were performed under a protocol approved by the 
Institutional Review Board of The New York Hospital—Cornell 
University Medical College. Informed consent was obtained 
from all subjects prior to admission. Male volunteers aged 19 to 
35 years were screened for history and physical examination, 
leukocyte counts, and lymphocyte subset analysis. Six subjects 
with normal values were admitted to the Clinical Research Cen- 
ter for these studies. 


Experimental Protocol 


At 5 AM on the day of the study, femoral venous and radial ar- 
terial lines were placed, and the subject’s condition was allowed 
to stabilize for 1 hour. An arterial blood sample (10 mL) was ob- 
tained at 6 AM, and an intravenous infusion of cortisol sodium 
succinate at a rate of 3 pg/kg per minute was initiated immediately 
thereafter. Cortisol infusion was continued uninterrupted for the 
following 12 hours. At noon (6 hours after beginning cortisol in- 
fusion), 20 U/kg of highly purified National Reference Escherichia 
coli LPS was administered in an intravenous bolus. Ten-milliliter 
arterial blood samples were drawn every hour during the 12-hour 
study period, which concluded at 6 PM. One additional sample 
was obtained the following morning to determine if cortisol and 
leukocyte levels had normalized. In subsequent data presenta- 
tion, the time of initiation of cortisol infusion will be referred to 
as —6 hours, the time of LPS administration as 0 hours, and the 
time of termination of the study as 6 hours (Fig 1). 
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Fig 1.—Effect of combined cortisol and lipopolysaccharide (LPS) 
administration on plasma cortisol concentrations in normal human 
volunteers. Constant intravenous infusion of cortisol was begun at 
— 6 hours and terminated at 6 hours, and intravenous LPS was given 
at 0 hours. Plus signs indicate P<.05 vs — 6 hours by analysis of vari- 
ance and Newman-Keuls’ Test. 


Plasma Cortisol Determinations 


Direct radioimmunoassay was performed using two dilutions 
of each plasma sample as previously described.*’ The antibody 
used showed 5% cross-reactivity with 11-deoxy-170H- 
corticosterone (substance S) and less than 0.5% cross-reactivity 
with other relevant glucocorticoid, mineralocorticoid, and sex 
steroids. Samples from five of the six subjects were analyzed 
within a single assay. Quality control samples were run in each 
assay and were within the range established by the supplier 
(RSL, Carson, Calif). 


Differential Leukocyte Counts 


Erythrocytes in 100-uL aliquots of whole blood were lysed 
with 1.9 mL of bicarbonate-buffered ammonium chloride solu- 
tion. Quantitative light scatter analysis using a Spectrum III flow 
cytometer and 2140 computer system (both from Becton- 
Dickinson Immunocytometry Systems, Braintree, Mass) was 
performed as previously described.** 


Lymphocyte Subset Analysis 


Aliquots (150 uL) of whole blood were diluted 1:2 with 
phosphate-buffered saline. Saturating amounts of the following 
fluorescein isothiocyanate-conjugated monoclonal antibodies 
were then added: anti-CD3, anti-CD4, anti-CD8 (Ortho Diag- 
nostic Systems, Raritan, NJ), anti- HLA-DR (Becton-Dickinson, 
San Jose, Calif), anti-CD20, or isotype control (Coulter Cytom- 
etry, Hialeah, Fla). After 30 minutes on ice, erythrocytes were 
lysed as described above. The samples were then washed once 
and resuspended in phosphate-buffered saline containing 1% 
bovine serum albumin and 0.1% sodium azide. For flow micro- 
fluorometry, the argon ion laser was operated at 75 mW in the 
all-lines mode. All data analysis was performed on the computer 
system. Lymphocytes were gated using forward x right-angle 
light scatter with an elliptical region set around the lymphocyte 
cluster. Green fluorescence histograms were generated with 
mutually exclusive counting regions set to quantify fluorescence- 
negative (isotype control-stained) and fluorescence-positive 
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events. Data are presented as the proportion of positive lym- 
phocytes relative to the total number of lymphocytes counted. 
These methods have been described previously.*® 


Data Analysis 


One-way repeated-measures analysis of variance was per- 
formed for each dependent variable, ie, plasma cortisol; granu- 
locyte, monocyte, and lymphocyte counts; and CD3, CD4, CD8, 
HLA-DR, and CD20 proportions. If a given analysis of variance 
was significant at P<.05, Newman-Keuls’ Multiple Range Test 
was used to assess differences between the —6-hour time point 
(prestud, baseline) and all other time points, and between the 
0-hour tame point (hypercortisolemia baseline just before LPS 
administration) and all subsequent time points. Statistical sig- 
nificance for differences between means was set at P<.05. 


RESULTS 
Plasma Cortisol 


The continuous intravenous administration of cortisol 
(cortiso. clamp) maintained significantly elevated plasma 
cortisol concentrations throughout the 12-hour experi- 
mental deriod (Fig 1). Although there was a trend toward 
elevated cortisol concentration in response to subsequent 
administration of LPS, this was not statistically significant 
relative to the 0-hour time point (Fig 1). 


Leukocyte Counts 


The granulocyte counts appeared to be increased 
within 2 hours after initiation of cortisol infusion (Fig 2, 
top), al-hough this increase was not statistically signifi- 
cant. However, despite the continuing elevated cortisol 
backgrcund (Fig 1), a further granulocytosis ensued 2 
hours after LPS administration and was maintained for 
the remainder of the experiment. 

Figur2 2 (middle) demonstrates that the monocyte 
count declined significantly during the cortisol-only 
phase of the experiment (— 6 to 0 hours). In contrast, there 
was an abrupt amelioration of the monocytopenia be- 
tween z and 3 hours after LPS administration, with these 
cell counts returning to levels not statistically different 
from baseline (— 6 hours). Note that this reversal occurred 
1 hour ater than did the granulocytosis (Fig 2, top). 

Like monocyte counts, lymphocyte counts significantly 
decreased from —6 to 0 hours (Fig 2, bottom), a finding 
consistent with the established effects of glucocorticoid 
excess.“’ There were no further significant changes in 
lymphccyte counts after LPS was administered at 0 hours. 


Lymphocyte Subset Proportions 


During the first 6 hours of cortisol infusion, proportions 
of CD3+ T cells declined significantly (Fig 3, top), and this 
decrease was accounted for entirely by a concomitant de- 
cline in the CD4+ helper/inducer subset of T cells (Fig 3, 
middle as both showed an approximate 0.20 downward 
excursion. However, after LPS administration at 0 hours, 
T cells end the CD4+ subset of T cells increased, although 
this was significant only for the CD4+ subset at 2 hours. 

As siown in Fig 3 (bottom), proportions of CD8+ 
suppressor/cytotoxic T cells manifested no significant 
changes in response to either cortisol or LPS. 

Proportions of B cells, as assessed with anti- HLA-DR or 
anti-CD20, showed no changes from — 6 to 0 hours when 
only cortisol levels were elevated (Fig 4). Also, relative to 
the 0-ho5ur baseline, there were no significant changes in 
B cell proportions after LPS administration. 
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Fig 2.— Effect of combined cortisol and lipopolysaccharide admin- 
istration (as indicated in Fig 1) on peripheral blood granulocyte 
(top), monocyte (middle), and lymphocyte (bottom) counts. Plus 
signs indicate P<.05 vs —6 hours, and asterisks, P<.05 vs 0 hours 
by analysis of variance end Newman-Keuls’ Test. 
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Fig 3.—Effect of combined cortisol and lipopolysaccharide admin- 
istration (as indicated in Fig 1) on proportions of CD3+ (top), CD4+ 
(middle), and CD8+ (bottom) T lymphocytes. Plus signs indicate 
P<.05 vs —6 hours, and asterisks, P<.05 vs 0 hours by analysis of 
variance and Newman-Keuls’ Test. 
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Fig 4.— Effect of combined cortisol and lipopolysaccharide admin- 
istration (as indicated in Fig 1) on proportions of HLA-DR+ (open 
circles) and CD20+ (closed circles) B lymphocytes. Plus signs indi- 
cate P<.05 vs — 6 hours by analysis of variance and Newman-Keuls’ 
Test, and FITC, fluorescein isothiocyanate. 


Poststudy Evaluation 


On the morning following the day of study, approxi- 
mately 24 hours after LPS administration, an additional 
blood sample was obtained and analyzed. As shown in 
the Table, all variables had returned to levels not signif- 
icantly different from baseline (— 6 hours), except granu- 
locyte counts, which remained significantly elevated. 
However, the granulocyte counts had declined consider- 
ably from those attained 3 to 6 hours after LPS adminis- 
tration (Fig 2, top). 


COMMENT 


In the present study, the cortisol clamp appeared to be 
successful in that plasma cortisol concentrations were el- 
evated continuously throughout the 12-hour study pe- 
riod, with no further significant elevations relative to the 
0-hour baseline when LPS was administered. This is in 
contrast to previous experiments in which a statistically 
significant hypercortisolemic response was induced by 
the administration of LPS alone.** In these experiments, 
cortisol levels increased within 1 hour after LPS adminis- 
tration, peaked at 3 hours, and returned to normal levels 
by 6 hours after LPS administration. 

A significant increase in blood granulocytes has been 
observed in previous studies in which LPS alone or cor- 
tisol alone was given to normal volunteers.**’ In the cur- 
rent study, in which cortisol levels were continuously 
elevated throughout the study period, similar granulocy- 
tosis occurred in response to LPS. Thus, LPS-induced 
granulocytosis apparently is not the result of the hyper- 
cortisolemia caused by endotoxin administration. Per- 
haps LPS itself, or some additional mediator released by 
LPS, may be responsible for the increase in granulocyte 
counts. 

It has been demonstrated previously that after giving 
LPS alone, monocyte counts declined precipitously 1 hour 
after LPS administration and then slowly returned to 
normal levels by 6 hours.* In contrast, using the cortisol 
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clamp as reported here, the monocyte count declined sig- 
nificamtly during the cortisol-only phase of the experi- 
ment and increased after LPS to values not statistically 
different from the —6-hour baseline values. Therefore, 
these different patterns of change suggest that glucocor- 
ticoids and LPS interact in producing their effects on 
monoeyte counts. 

In <contradistinction to granulocyte and monocyte 
counts, the lymphopenia and decline in the percentage of 
CD4+ T cells do appear to be the result of the cortisol re- 
sponse to LPS. As shown in the present study, during the 
first 6 hours when only cortisol was being infused, lym- 
phocy-e counts and proportions of CD4+ lymphocytes 
declined, much as was observed previously during the 
hypercortisolemic phase following LPS administration 
alone.“ In the current study, no significant changes were 
observed in lymphocyte counts or CD4+ T cells after the 
admin stration of LPS; if anything, CD4+ lymphocytes 
appeased to increase. In addition previous reports 
showed that the percentage of CD8+ T cells did not 
change greatly in response to either cortisol infusion alone 
or LPE administration alone.*’ The same results were 
found rere when the two treatments were superimposed. 
Finally. the cortisol clamp appeared to modify the re- 
sponse of B lymphocytes (HLA-DR+ or CD20+) to LPS 
becaus2 the LPS-induced changes in these two cell types 
were d fferent in the present experiment than those noted 
when LPS only was administered.* Thus, as with mono- 
cytes, there appeared to be an interaction between corti- 
sol anc LPS in the response of B lymphocytes. 

Prev-ous reports have demonstrated that administra- 
tion of the cyclooxygenase inhibitor ibuprofen prior to LPS 
administration greatly attenuates the response of corti- 
cotropin and cortisol to LPS.?° However, LPS-induced in- , 
creases in neutrophil counts continue to be evident. The 
results presented herein using the cortisol clamp are in 
agreement with these findings. The constant infusion of 
cortisol did not prevent the granulocytosis arising from 
LPS administration (Fig 2, top). Thus, it seems clear that 
LPS-induced granulocytosis is not acutely caused by ele- 
vations in cortisol concentration. However, inhibition of 
the adrenocortical response by ibuprofen during experi- 
mental endotoxemia also did not prevent lymphopenia.* 
These cata are at odds with the present study in which no 
significant lymphopenia was observed when LPS was ad- 
ministered, in the context of elevated cortisol concentra- 
tions (Fig 2, bottom). However, inspection of these data ™ 
does suzgest a decline in lymphocyte counts after LPS was 
given, <lthough this was not statistically significant com- 
pared with the 0-hour time point. The cortisol-induced 
lymphopenia that occurred from — 6 to 0 hours may have 
resultec in the margination, diapedesis, or redistribution 
of most lymphocytes capable of such behaviors. Then, 
when L?S was administered, few lymphocytes remained 
in the ci-culation with the capacity to exit the vascular com- 
partment. Alternatively, lymphocytes may be very sensi- 
tive to the effects of cortisol. Even with ibuprofen treat- 
ment, tre administration of LPS caused plasma cortisol 
concentrations to increase about 75% over baseline val- 
ues.” Such an increase still may have been sufficient to pro- 
duce the observed lymphopenia. This idea is supported by 
data demonstrating a circadian rhythm in lymphocyte™ 
counts -hat is in turn linked to the diurnal rhythm in 
plasma 2lucocorticoids.” 

We heve previously reported that administration of LPS 
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alone to normal human subjects causes a decrease in the 
percentages of CD3+ T cells, which can be accounted for 
almost entirely by a concomitant decrease in the percent- 
ages of CD4+ helper/inducer T cells.* Others, however, 
have reported no changes in T-cell percentages after giv- 
ing LPS.” However, assuming our results with LPS alone 
were valid, the present study suggests that the post-LPS 
decline in the percentages of CD4+ T cells is a cortisol- 
mediated phenomenon. As previously reported, the cor- 
tisol infusion reproduced the decline in percentages of 
CD4+ cells observed with LPS alone.’ Further, as shown 
here, LPS produced no further changes in T-cell subsets 
when given against a background of elevated cortisol 
concentrations. 

Effects on lymphocyte count in the various subsets 
were not presented. However, it is clear that while pro- 
portions of CD8+ T cells or CD20+/HLA-DR+ B cells did 
not change or changed very little, these cell counts 
decreased significantly due to the substantial lymphope- 
nia caused by the cortisol infusion. The fact that CD4+ 
T-cell percentages declined significantly simply indicates 
that these cell counżs decreased more than the other types 
of lymphocytes. In fact, at the nadir of the lymphopenia 
(3 hours; Fig 2, bettom), the mean CD4+ lymphocyte 
count was 94 x 10°/L. If one accepts that a low CD4 lym- 
phocyte count is an index of immunodeficiency, these 
subjects were temporarily immunodeficient at least with 
respect to the vascular lymphocyte compartment. Func- 
tional immunologic data from normal subjects given cor- 
tisol infusions alone or LPS alone indicate that this is the 
case.”!2_ Unfortunately, functional studies were not 
possible in the present studies, in which cortisol and LPS 
administration were combined, due to limitation on blood 
draw. However, it is likely that the subjects evaluated 
here would have displayed functional immunologic de- 
fects in the peripheral blood. 

Many studies have shown that glucocorticoids inhibit 
tumor necrosis factor and interleukin 1 (IL-1) synthesis 
and secretion in response to LPS.'*'® Previously reported 
results from the same subjects studied here demonstrated 
that the cortisol clamp completely abolishes the tumor 
necrosis factor response to LPS while leaving the IL-6 re- 
sponse relatively intact. Thus, IL-6 or other mediators 
responding to LPS remain potential candidates for medi- 
ation of the cortisol-independent granulocytosis docu- 
mented here. Further, the inhibition of tumor necrosis 
factor may play a role in cortisol-LPS interactions as ob- 
served here in the unique response of monocyte counts 
and B-cell proportions to LPS. It also should be noted that 
IL-1 was not detectable in the peripheral blood of normal 
volunteers receivirg LPS alone.” 

Finally, in these and other studies of the in vivo effects 
of cortisol and LPS cn leukocytes in normal humans, the 
only compartment evaluated was peripheral blood.**’ 
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Assessment of this compartment may or may not provide 
a “snapshot” of the immune system as a whole, since it 
is clear that most immunologic activities occur in other 
lymphoid compartments. For example, LPS-induced, 
cortisol-mediated lymphopenia most likely demonstrates 
movement of these cells to other tissues, as has been 
demonstrated after glucocorticoid administration in both 
animals and humans.” Therefore, it is suggested that 
global statements concerning immune status based only 
on evaluation of peripheral blood should be made with 
caution. 
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Discussion 


DOUGLAS W. WILMORE, MD, Boston, Mass: Thank you very 
much for a very clear presentation that attempts to describe the 
very complex and intertwined relationship between cytokines 
and hormones. Your group has previously reported that the 
cortisol infusion inhibits tumor necrosis factor production, pos- 
sibly the elaboration of IL-1 and maybe other cytokines. In an 
ideal situation, you really should add back these specific cyto- 
kines during your cortisol infusion. That becomes very difficult 
to do, but I wanted to point out the problems associated with this 
cortisol infusion technique. 

In similar studies performed by Al Santos we have given a very 
small pulse dose of steroid shortly before giving the LPS. If a 
small enough cortisol dose is administered, the pituitary- 
achieved response is suppressed. These studies confirm your 
findings that the granulocytes still rise, the lymphocytes still fall. 
Whether we give cortisol or endotoxin or cortisol plus endotoxin, 
the lymphopenia is all almost the same. We are seeing lympho- 
cytes fall before we see a rise in cortisol in the blood- stream with 
endotoxin alone. Your point that there is a nonsteroidal compo- 
nent to the fall in the lymphocytes can be seen in our data. This 
is a valuable observation. 

What are the mediators for these responses? What causes the 
granulocytosis? Is it platelet-activating factor? Do you have any 
ideas about what these early mediators for these events are. 
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What causes the lymphopenia? Are you upregulating I-CAM or 
other rec2ptors that cause margination of these cells. Finally, you 
commen-ed about the possible deleterious effects of steroids in 
this response. Is there a potential advantage to use steroids fol- 
lowing endotoxemia? 

BARRY BROWNE, MD, Wauwatosa, Wis: Did your patients suf- 
fer any ill effects during or after the endotoxin infusions. Second, 
while I agree that granulocytosis is cortisol independent, I don’t 
think your data strongly support your conclusion that lym- 
phopenie is completely cortisol dependent. It is likely that you 
have committed a type II error due to the low numbers used and 
the fact that your P value was reported as .06. Have you repeated 
any of these studies in adrenalectomized animals to confirm that 
lymphopenia is cortisol dependent? 

RICHAED L. GAMELLI, MD, Maywood, Ill: Did you do any di- 
rect assessment of the bone marrow, since in animal studies, 
particula-ly in a murine model, pulse injections of glucocorti- 
coids wil, in fact, metabolically arrest the myeloid cell series. Do 
you have any catecholamine data in these patients following 
your LPS.administration to determine if catecholamine release is 
in any wey affecting the extra-marrow granulocyte pool in terms 
of margimated vs demarginated cells? 

PER-OLOF HASSELGREN, MD, Cincinnati, Ohio: Is anything 
known about the effect of endotoxin on granulocyte cortisol re- 
ceptors, 2ither numbers or affinity. For example, if receptors 
were alte-ed, your results could still reflect a cortisol-dependent 
phenomenon, even though plasma concentrations were unal- 
tered. 

DR CALVANO: Dr Wilmore asked about the mediators involved 
in producing the granulocytosis. It is obviously not tumor 
necrosis factor, because tumor necrosis factor levels are basically 
undetectable in these cortisol-clamped subjects. Likewise, if I 
may jum> to Dr Gamelli’s question about catecholamines, it is 
not demargination due to catecholamines either, because 
endotoxim-induced increases in epinephrine levels are markedly 
attenuated by cortisol clamp. 

In terms of the lymphopenia, I really doubt that this is an 
ICAM-mediated event because corticosteroids are known to 
downregalate ICAM expression, and one would expect if it is an 
adhesion molecule—-mediated event that one would see an 
increase m lymphocytes in this situation. 

Dr Wilmore also wanted me to comment on the possible ben- 
eficial effects of corticosteroids. Well, I think in the acute situa- 
tion where you have acute endotoxemia, corticosteroids or glu- 
cocorticoxls may have beneficial effects in dampening specific 
immune sunctions. In an acute situation, a specific immune re- 
sponse is basically superfluous since it takes several days to de- 
velop. Hewever, I think in the situation where one has chronic 
endotoxemia, corticosteroids probably are deleterious in that 
they would prevent the development of a specific immune 
response to the infecting pathogen and also lead one to greater 
susceptib lity for possible polymicrobial infections. 

We did not perform functional studies on the cells from the 
subjects presented here today. However, in subjects receiving 
endotoxin alone or cortisol alone, functional immunologic pa- 
rameters are markedly depressed. 

Dr Garelli also asked about bone marrow. Corticosteroids are 
known tc cause sequestration of CD4-positive lymphocytes in 
the bone marrow. However, we have no data on that from these 
subjects. 

Dr Browne asked about the ill effects. When endotoxin is ad- 
ministered alone, the subjects do become sick. They have 
hemodynamic changes; they have fever, chills, myalgias. All of 
these are ameliorated by the cortisol infusion, the cortisol clamp. 

In terms of making a type II error concerning the 
lymphopenia—yes, that is certainly a possibility. It is possible 
that during the cortisol-infusion phase of the experiment, most 
of the lymphocytes with the capability of exiting the vascular 
compartment have already done so. Then, when LPS is admin- 
istered there are just very few cells left that are capable of those 
behaviors. In response to the last question, we have not looked 
at glucocerticoid receptors in granulocytes. 
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INDICATIONS AND USAGE 

UNASYN is indicated for the treatment of infections due to susceptible strains of the designated 
microorganisms in the conditions listed below 

Skin and Skin Structure Infections caused by beta-lactamase producing strains of Staphylococcus 
aureus, Escherichia coli, * Klebsiella spp.* (including K. pneumoniae*), Proteus mirabilis * Bacteroides 
fragilis, * Enterobacter spp.,* and Acinetobacter calcoaceticus. * 

Intra-Abdominal Infections caused by beta-lactamase producing strains of Escherichia coli, Klebsiella 
spp. (including K. pneumoniae*), Bacteroides spp. (including B. fragilis), and Enterobacter spp.* 

G Infections caused by beta-lactamase producing strains of Escherichia coli * and 
Bacteroides spp.* (including B. fragilis*). 

*Efficacy for this organism in this organ system was studied in fewer than 10 infections. 

While UNASYN is indicated only for the conditions listed above, infections caused by ampicillin- 
Susceptible organisms are also amenable to treatment with UNASYN due to its ampicillin content. 
Therefore, mixed infections caused by ampicillin-susceptible organisms and beta-lactamase producing 
organisms susceptible to UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 

The use of UNASYN is contraindicated in individuals with a history of hypersensitivity reactions to any of 
the penicillins. 

WARNINGS 

SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLACTIC) REACTIONS HAVE BEEN RE- 
PORTED IN PATIENTS ON PENICILLIN THERAPY. THESE REACTIONS ARE MORE APT TO OCCUR IN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPERSENSITIVITY REACTIONS 
TO MULTIPLE ALLERGENS. THERE HAVE BEEN REPORTS OF INDIVIDUALS WITH A HISTORY OF PENICILLIN 
HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH 
CEPHALOSPORINS. BEFORE THERAPY WITH A PENICILLIN, CAREFUL INQUIRY SHOULD BE MADE CON- 
CERNING PREVIOUS HYPERSENSITIVITY REACTIONS TO PENICILLINS, CEPHALOSPORINS. AND OTHER 
ALLERGENS. IF AN ALLERGIC REACTION OCCURS, UNASYN SHOULD BE DISCONTINUED AND THE 
APPROPRIATE THERAPY INSTITUTED. 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMERGENCY TREATMENT WITH EPI- 
NEPHRINE. OXYGEN, INTRAVENOUS STEROIDS, AND AIRWAY MANAGEMENT. INCLUDING INTUBATION, 
SHOULD ALSO BE ADMINISTERED AS INDICATED. 

PRECAUTIONS 

General: A high percentage of patients with mononucleosis who receive ampicillin develop a skin rash. 
Thus, ampicillin class antibiotics should not be administered to patients with mononucleosis. In patients 
treated with UNASYN the possibility of superinfections with mycotic or bacterial pathogens should be 
kept in mind during therapy. If superinfections occur (usually involving Pseudomonas or Candida), the 
drug should be discontinued and/or appropriate therapy instituted. 

Drug Interactions: Probenecid decreases the renal tubular secretion of ampicillin and sulbactam. 
Concurrent use of probenecid with UNASYN may result in increased and prolonged blood levels of 
ampicillin and sulbactam. The concurrent administration of allopurinol and ampicillin increases 
substantially the incidence of rashes in patients receiving both drugs as compared to patients receiving 
ampicillin alone. It is not known whether this potentiation of ampicillin rashes is due to allopurinol or the 
hyperuricemia present in these patients. There are no data with UNASYN and allopurinol administered 
concurrently. UNASYN and aminoglycosides should not be reconstituted together due to the in vitro 
inactivation of aminoglycosides by the ampicillin component of UNASYN. 

Drug/Laboratory Test Interactions: Administration of UNASYN will result in high urine concentration of 
ampicillin. High urine concentrations of ampicillin may result in false positive reactions when testing for 
the presence of glucose in urine using Clinitest™ Benedict's Solution or Fehling’s Solution. It is 
recommended that glucose tests based on enzymatic glucose oxidase reactions (such as Clinistix™ or 
Testape™ ) be used. Following administration cf ampicillin to pregnant women, a transient decrease in 
plasma concentration of total conjugated estriol, estriolglucuronide, conjugated estrone and estradiol 
has been noted. This effect may also occur with UNASYN. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals nave not been 
performed to evaluate carcinogenic or mutagenic potential. 


Pregnancy 
Pregnancy Category B: Reproduction studies have been performed in mice, rats, and rabbits at doses up 
to ten (10) times the human dose and have revealed no evidence of impaired fertility or harm to the fetus 
due to UNASYN. There are, however, no adequate and well controlled studies in pregnant women. Because 
animal reproduction studies are not always predictive of human response, this drug should be used 
during pregnancy only if clearly needed. (See—Drug/Laboratory Test Interactions.) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous administration of ampicillin 
decreased the uterine tone, frequency of contractions, height of contractions, and duration of contrac- 
tions. However, it is not known whether the use of UNASYN in humans during labor or delivery has 
immediate or delayed adverse effects on the fetus, prolongs the duration of labor, or increases the 
likelihood that forceps delivery or other obstetrical intervention or resuscitation of the newborn will be 
necessary. 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are excreted in the milk: therefore. 
caution should be exercised when UNASYN is administered to a nursing woman 
Pediatric Use: The efficacy and safety of UNASYN have not been established in infants and children 
under the age of 12. 
ADVERSE REACTIONS 
UNASYN is generally well tolerated. The following adverse reactions have been reported 
Local Adverse Reactions 

Pain at IM injection site—16% Pain at IV injection site—3% 

Thrombophlebitis— 3% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3% of the patients and rash in less than 
2% of the patients. 
Additional systemic reactions reported in less than 1% of the patients were: itching, nausea, vomiting, 
candidiasis, fatigue, malaise, headache, chest pain, flatulence, abdominal distension, glossitis, urine 
retention, dysuria, edema, facial swelling, erythema, chills, tightness in throat, substernal pain, 
epistaxis and mucosal bleeding. 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were reported during clinical trials 
were: 

Hepatic: Increased AST (SGOT), ALT (SGPT), alkaline phosphatase, and LDH. 

Hematologic: Decreased hemoglobin, hematocrit, RBC, WBC, neutrophils, lymphocytes. platelets and 

increased lymphocytes, monocytes, basophils, eosinophils, and platelets. 

Blood Chemistry: Decreased serum albumin and total proteins. 

Renal: Increased BUN and creatinine. 

Urinalysis: Presence of RBC’s and hyaline casts in urine. 
The following adverse reactions have been reported with ampicillin-class antibiotics and can also occur 
with UNASYN. 
Gastrointestinal: Gastritis, stomatitis, black “hairy” tongue, enterocolitis and pseudomembranous 
colitis. 
Hypersensitivity Reactions: Urticaria, erythema multiforme, and an occasional case of exfoliative 
dermatitis have been reported. These reactions may be controlled with antihistamines and, if necessary, 
systemic corticosteroids. Whenever such reactions occur, the drug should be discontinued, unless the 
opinion of the physician dictates otherwise. Serious and occasional fatal hypersensitivity (anaphylactic) 
reactions can occur with a penicillin (see WARNINGS). 
Hematologic: In addition to the adverse laboratory changes listed above for UNASYN. agranulocytosis 
has been reported during therapy with penicillins. All of these reactions are usually reversible on 
discontinuation of therapy and are believed to be hypersensitivity phenomena. 
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Does Endotoxin Tolerance Prevent the Release of 
Inflammatory Monokines (Interleukin 1, Interleukin 6, 
or Tumor Necrosis Factor) During Sepsis? 


Alfred Ayala, PhD; John M. Kisala, MD; Julie A. Felt, MD; Michelle M. Perrin; Irshad H. Chaudry, PhD 


® Mice were subjected to sepsis by cecal ligation and 
puncture to determine whether macrophages from 
endotoxin-tolerant C3H/He} mice are also activated sys- 
temically to release inflammatory monokines associated 
with septic mortality. Blood levels of both tumor necrosis 
factor and interleukin 6 were significantly elevated during 
the first 1 to 4 hours of sepsis as compared with sham con- 
trols. Peritoneal macrophages from septic mice exhibited a 
marked spontaneous release of interleukin 1, interleukin 6, 
and tumor necrosis factor at 1 hour. However, the addition 
of endotoxin to macrophage cultures taken from septic mice 
had no further stimulatory effect. Sham controls alterna- 
tively showed no significant innate monokine release, but 
their macrophages did release increased monokine numbers 
in response to endotoxin. These results indicate that the 
spontaneous macrophage release of these monokines is 
comparable with that previously observed in endotoxin- 
sensitive mice, suggesting a common mechanism by which 
macrophages are primed by traumatic injury by an agent 
other than endotoxin to release monokines during sepsis. 
Thus, the administration of agents that decrease or prevent 
the deleterious effects of systemic inflammatory mediators 
during sepsis could be useful adjuvants in those clinical sit- 
uations where the bacterial origin is unknown. 
(Arch Surg. 1992;127:191-197) 


4 epsis and multiple organ failure are reported to be re- 
sponsible for upward of 60% of the deaths in the 
surgical intensive care unit.'° However, the precise etiol- 
ogy contributing to the septic state remains unclear. 
Studies on endotoxin-sensitive (C3H/HeN) mice and hu- 
mans have indicated that following septic insult or expo- 
sure to endotoxin,” there is an exaggerated macrophage- 
mediated monokine release. In this regard, work from a 
number of laboratories has implicated the systemic re- 
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lease of macrophage monokines, such as interleukin 
(IL-1) 1, IL-6, and tumor necrosis factor (TNF), whose ap- 
pearance is primarily induced by endotoxin®" (a by- 
product of the breakdown of gram-negative bacteria), as 
agents involved in initiating and producing cell and organ 
dysfunction observed during sepsis. Support for this view 
comes from several studies in which the presence of ele- 
vated blood monokine levels have been associated with 
increased mortality following sepsis. 

The endotoxin-tolerant C3H/He] mouse strain is known 
to be typically hyporesponsive to both the in vivo and in 
vitro effects of endotoxin.” This is exhibited in their re- 
quirement for nearly 100-fold larger amounts of endotoxin 
to induee lethality when administered intravenously, as 
well as in the hyporesponsiveness of their macrophages 
to in vitro stimulation of IL-1 and TNF release following 
exposure to endotoxin. However, C3H/He] mice appear 
to be as susceptible, if not more so, to the lethal effects of 
both infection with live bacille Calmette-Guérin” and to 
septic insult.” It is unknown, however, whether the sys- 
temic release of macrophage monokines in endotoxin- 
sensitive animals” also occurs in endotoxin-tolerant ani- 
mals during sepsis. The aim of this study was therefore 
not only to assess the levels of these monokines released 
in blood during sepsis but also to determine whether 
macrophages taken from endotoxin-tolerant mice are ac- 
tivated by sepsis to release monokines in a manner sim- 
ilar to that reported for endotoxin-sensitive mice. 


MATERIALS AND METHODS 
Mice 

Inbred C3H/He] male mice (Jackson Laboratories, Bar Harbor, 
Me), 6 to 8 weeks old, weighing 20 to 25 g, were utilized in this 
study. No less than six mice were used to examine each condition. 
All the protocols carried out herein utilizing mice were performed 
in accordance with the guidelines set forth in the Animal Welfare 
Act and as outlined in the Guide for Care and Use of Laboratory An- 
imals by the National Institutes of Health publications. 


Polymicrobial Sepsis Model 


Polymicrobial sepsis was induced utilizing a cecal ligation and 
puncture (CLP) model described for mice by Baker et al and 
Stephan et al.” In brief, the mice were anesthetized with meth- 
oxyflurame and an approximately 1.5-cm midline incision was 
made. The cecum was then isolated and ligated with a No. 4-0 
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braided silk suture below the ileocecal valve so as not to occlude 
the bowel. The ligated cecum was punctured twice with a 
22-gauge needle, and a small amount of the bowel contents was 
extruded through the puncture holes. On returning the bowel to 
the abdomen, the midline incision was closed in layers with a 
No. 6-0 monofilamentous nylon ethilon suture (Ethicon Inc, 
Somerville, NJ). The mice were resuscitated with saline 
(40 mL/kg body weight) injected subcutaneously immediately 
following the procedure. It had previously been demonstrated 
that blood cultures taken from mice or rats were positive for both 
gram-positive (eg, Streptococcus bovis) and gram-negative (eg, 
Bacteroides fragiles, Escherichia coli, Klebsiella, Proteus mirabilis) 
bacteria species as little as 1 hour after CLP,'*” illustrating the 
polymicrobial nature of this septic model. Sham controls under- 
went the same midline laparotomy and resuscitation as above. 


Serum Samples 


Blood was taken aseptically by cardiac stick from mice at 1, 4, 
and 24 hours after CLP or from the equivalent sham—control 
mice to obtain serum. Samples were also taken from mice that 
had not undergone any experimental manipulations (normal). 
Blood from the mice was transferred into 1-mL sterilized plastic 
collection tubes containing serum separators (Microtainers, Bec- 
ton Dickinson, Rutherford, NJ) and allowed to clot on ice for 2 
to 3 hours. Serum was then separated by centrifugation at 
12 000g for 15 minutes at 4°C. The samples were aliquoted and 
stored at — 70°C until assayed. 


Cell Line Maintenance 


The maintenance of the mouse D10.G4.1 T-helper; cell clone 
was carried out as described by Kaye et al.” The IL-6-sensitive 
murine B-cell hybridoma was maintained as previously de- 
scribed.” The maintenance of the WEHI-164 clone 13 mouse fi- 
brosarcoma cell line was carried out as described by Espevik and 
Nissen-Meyer.” 


Preparation of Macrophage Populations 


Resident peritoneal macrophages were obtained from mice at 
varying times following CLP or sham operation by lavage, as 
previously described by Ayala et al.” The cells were washed once 
in phosphate-buffered saline (PBS) by centrifugation (280g, 
15 minutes, 4°C) and resuspended at a concentration of 1 x 10° 
viable cells per milliliter in Click’s medium (Irvine Science, Santa 
Ana, Calif) (cell viability was determined by trypan-blue exclu- 
sion). Cells were plated in 1-mL volumes (at 1 x 10° cells per mil- 
liliter) into the wells of a 24-well tissue culture plate and allowed 
to incubate for 2 hours at 37°C. Before stimulation for cytokine 
production, the remaining nonadherent cells were removed by 
repeated washing with Click’s medium. This protocol provides 
adherent cells that are greater than 99% positive by nonspecific 
esterase staining and that exhibit typical macrophage structure. 

It should be noted that no significant differences were ob- 
served in the viability (>95% by trypan-blue exclusion) of cells 
extracted from the peritoneum of mice following CLP when 
compared with shams. There was, however, a significant eleva- 
tion in the number of cells obtained from the peritoneum over 
time following CLP (Fig 1). 


Stimulation and Assessment 
of Macrophage Monokine Production 


The capacity of macrophages to release IL-1, IL-6, and TNF-a 
or TNF-B was determined by assaying the supernatants taken 
from these cultures following incubation with either 0 or 1 wg of 
lipopolysaccharide W (LPS) (from E coli 055:B5, Difco Laborato- 
ries, Detroit, Mich) per milliliter of Click’s medium with 10% 
heat-inactivated fetal calf serum (Biologos Inc, Naperville, Ill) for 
24 hours (37°C, 5% carbon dioxide). The cell supernatants were 
collected, filtered (20-mm-diameter, 0.22-m pore size, Corning 
Glass Works, Corning, NY), aliquoted, and stored at — 70°C until 
assayed. 
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Fig 1.— Cecal ligation and puncture (CLP) induces an increase in the 
total cell rumber extracted by lavage taken from the peritoneal 
cavity of 3H/He] mice. Asterisk indicates P<.05, mice given CLP 
(closed bazs) vs the equivalent sham-control (open bars); number 
sign, P<.0s, cell number harvested at 4 or 24 hours vs cell number 
taken at 7 our following CLP or laparotomy (sham control). 


The IL-1 activity in these culture supernatants was determined 
by adding serial dilutions of the supernatant to the D10.G4.1 
cells (2 x 19* cells per well) in the presence of concanavalin A 
(2.5 mg/L) *! Proliferation of the D10.G4.1 in response to IL-1 was 
measured as previously described by Ayala et al.” Interleukin 6 
activity was assessed by determining the capacity of these 
supernatants to induce the proliferation of 7TD1 B-cell hybrido- 
mas as previously described by Hultner et al.” Similarly, TNF 
activity wes determined by assessing macrophage supernatants 
for WEHI-164 clone 13 cytotoxicity” according to the methods 
previously described by Ayala et al.* All sample dilutions used 
in the above assays were tested in triplicate. 

Serum IL-6 and TNF activity was assessed utilizing the assays 
described.above. However, the sample dilutions were started at 
1:10 (serum-medium) in RPMI 1640 (Gibco Laboratories, Grand 
Island, NY) containing 10% fetal calf serum and were continued 
by twofold serial dilutions thereafter. All serum sample dilutions 
used in the above assays were tested in duplicate. 

The relave units of monokine activity per milliliter of super- 
natant or serum were determined by comparison of the curves 
produced tom dilution of the experimental supernatants with 
that generated by dilution of a purified human IL-1 standard 
(5 U/mL) (Genzyme, Boston, Mass), a recombinant human IL-6 
standard (200 U/mL) (Amgen Corp, Thousand Oaks, Calif), or 
a murine INF-« standard (200 U/mL) (Amgen Corp), according 
to the methods of Mizel.” 

It shoulc be noted that the assays for TNF and IL-6 have been 
demonstrated to react in a specific fashion to TNF or IL-6, 
respectively.” °* The replacement of these cytokines with hu- 
man IL-18. murine IL-2, murine IL-3, murine IL-4, human IL-6 
(in the TNF assay), murine TNF-a (in the IL-6 assay), transform- 
ing growth factor B, or murine interferon gamma does not 
induce WEHI-164 clone 13 cytotoxicity” or the proliferation of 
7TD1 cells.” However, TNF and IL-6 activity in these samples 
was completely inhibited by the addition of antibodies directed 
against either mouse TNF-a (rabbit polyclonal, dilution 1:1000) 
(Genzyme? or mouse IL-6 (rat monoclonal [IgG1] hybridoma su- 
pernatant, dilution 1:8).” With regard to the IL-1 assay, we have 
only utilized this assay on macrophage supernatants, since cells 
of this lineage have not been reported to produce IL-2, IL-4, or 
IL-7 (lymphokines that can induce D10.G4.1 proliferation) in any 
significant fashion in response to LPS.” For this same reason we 
did not attempt to measure IL-1 in serum, as the levels of IL-2, 
IL-4, IL-7, >r IL-1 inhibitors® are unknown following CLP. 


Endotoxin Assay 


Serum samples were diluted 1:10 in pyrogen-free water, 
heated at -00°C for 10 minutes (to remove nonspecific inhibi- 
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tors), and assayed for endotoxin using the quantitative chro- 
mogenic Limulus Amebocyte Lysate assay (QCL-1000, Whit- 
taker, MA Biproducts, Walkersville, Md) according to the 
manufacturer's directions. All samples were run in duplicate and 
corrected for color with eppropriate serum blanks. 


Presentation of Data and Statistical Analysis 
The data are presented as means+SEs of six independent 
samples under each condition. Differences in the experimental 
means were considered to be significant if P<.05, as determined 
by one-way analysis of variance and Tukey’s test for multiple 
comparisons. 


RESULTS 


In the studies reported herein, we chose to examine the 
effects of CLP on serum cytokine levels and peritoneal 
macrophage monokine release capacities during the first 
24 hours after CLP, since mouse survival drops off after 
the first day. Mortality associated with this model was 4% 
at the end of 24 hours, 40% by day 3, 84% on day 7, and 
88% on day 10 after CLP (n=25). 


Serum Endotoxin Levels 


Significantly increased endotoxin levels were detected 
as early as 1 hour following CLP and remained so through 
24 hours of the study period (Fig 2, top). 


Serum TNF and IL-6 Levels 


Figure 2, center, illustrates that as little as 1 hour follow- 
ing CLP there was a significant rise in serum TNF levels as 
compared with sham controls. Tumor necrosis factor was 
still detectable at 4 hours after CLP; however, the levels 
were not different from those observed in the sham- 
control group. By 24 hours following either CLP or sham 
laparotomy, no TNF was detected in serum. Levels of IL-6, 
on the other hand, were significantly elevated over those 
levels observed in normal mice in both CLP- and sham- 
treated mice at 1 hour (Fig 2, bottom). However, by 4hours 
after CLP, the septic mice exhibited significantly higher 
levels of IL-6 than the equivalent sham controls, and this 
remained so up through 24 hours after CLP. 


Peritoneal Macrophage Monokine Production 


Spontaneous monokine release was significantly ele- 
vated in peritoneal macrophage cultures taken from mice 
as early as 1 hour following CLP (Fig 3, top and center). 
This enhanced innate monokine release was still detect- 
able up to 24 hours after CLP, with the exception of IL-6. 
The addition of LPS to macrophages taken from septic 
mice did not induce any further increase in the amount of 
monokine released from these cells. In contrast, the addi- 
tion of endotoxin to macrophages taken from sham- 
control mice induced a significant release of monokines in 
these cultures. The data also indicate that the responsive- 
ness of macrophages from sham controls to endotoxin in- 
creased when cells were harvested at 4 or 24 hours, as com- 
pared with 1 hour following laparotomy. It should be 
noted that macrophages harvested from unmanipulated 
mice showed only low-level release of these monokines in 
response to endotoxin (no detectable TNF and 1.6+ 
0.3 U/mL of IL-6). 


COMMENT 


Previously, studies from our laboratory,* as well as 
others,>”!!"* have indicated that following exposure to 
sepsis or the in vivo administration of endotoxin, 
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Fig 2.—The changes in serum endotoxin, tumor necrosis factor 
(TNF), and interleukin 6 (IL-6) levels at 1, 4, or 24 hours following 
cecal ligation and puncture (CLP) (closed bars), laparotomy (sham 
control, open bars), and no manipulation (hatched bars) in C3H/HeJ 
mice. Asterisk indicates P<.05, serum levels of CLP-treated mice vs 
equivalent sham controls; “at” sign, not detectable; number sign, 
P<.05, serum cytokine levels in CLP-treated vs unmanipulated 
(normal) mice; and NT, not tested. 


endotoxin-sensitive animals react by the systemic release 
of monokines (eg, IL-1, IL-6, TNF), which are associated 
with the death of the host. Since these cytokines are pri- 
marily the product of macrophage stimulation by endo- 
toxin, the macrophage has been suggested to play a key 
role in the deleterious effects attributed to the host's 
overzealous inflammatory response to sepsis.” In light of 
this, it could be postulated that obviation of endotoxin- 
mediated systemic release of these mediators by macro- 
phages should improve the host's survival from septic in- 
sult. However, available evidence suggests that animals, 
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Fig 3.—The changes in the capacity of peritoneal macrophages to 
release tumor necrosis factor (TNF), interleukin (IL) 6 (IL-6), or IL-1 
in response to either 0 or 1 mg/L of lipopolysaccharide W (LPS) when 
harvested from mice following either cecal ligation and puncture 
(CLP) (closed bars) or laparotomy (sham control, open bars). Aster- 
isk indicates P<.05, macrophages from CLP-treated mice vs equiv- 
alent sham controls; number sign, P<.05, macrophages from the 
same group secreted more cytokine in the presence of added LPS 
than in its absence; “at” sign, not detectable; and NT, not tested. 


such as the C3H/He]J mice, that are reportedly endotoxin 
tolerant actually succumb at the same rate as, if not faster 
than, the endotoxin-sensitive animals to the lethal effects 
of bacille Calmette-Guérin infection or septic insult. 167 
In view of this, it is important to determine whether 
sepsis, which produces not only systemic release of mac- 
rophage monokines but also the spontaneous release of 
these agents from peritoneal macrophages in endotoxin- 
sensitive (C3H/HeN) mice,‘ induces a comparable re- 
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sponse endotoxin-tolerant (C3H/He]) mice. The results 
presented herein indicate that systemic IL-6 and TNF re- 
lease imto the blood can be detected in endotoxin-tolerant 
mice felowing the induction of sepsis. As with the 
endotoxin-sensitive C3H/HeN mice, peak TNF levels 
were detectable as little as 1 hour after CLP, while peak 
IL-6 lewels were not achieved until at least 4 hours after 
CLP* (Table). Studies examining peritoneal macrophage 
elaborat on of these cytokines taken from the endotoxin- 
tolerant mice illustrated that CLP also induces significant 
spontan2ous release of all these monokines in the absence 
of added endotoxin in vitro. Also, this observation is 
compareble with that previously reported for C3H/HeN 
mice.* Sich an in vivo stimulation of peritoneal macro- 
phage release of these agents indicates that not only are 
these cells acting as contributors to the increased circulat- 
ing TNF and IL-6 levels in these septic mice, but this pop- 
ulation ppears to be undergoing processes involved in 
macroptage activation.” 

This is further evidenced by the observation that an in- 
creased cell number (approximately 10-fold increase over 
1 hour) of macrophages is present in the peritoneum as 
little as 4 hours after CLP. Such an influx of cells into the 
peritoneam is most likely due to the release of chemotac- 
tic agents following macrophage activation.» However, 
unlike the endotoxin-sensitive mice, which could still re- 
spond tc added endotoxin in culture,‘ the macrophages 
harvested from the septic C3H/He] mice do not respond 
to endotexin by releasing more monokines. 

Nonetneless, macrophages from endotoxin-tolerant 
mice tha- had only a laparotomy exhibit an increased re- 
sponsiveness to added endotoxin. Since these mice are re- 
ported tc be hyporesponsive to endotoxin when it is ad- 
ministered in vivo or in vitro,” it could be suggested that 
traumatic injury, in the form of the laparotomy performed 
herein, © providing sufficient stimulus directly and/or in- 
directly (-hrough the release of agents such as interferon 
gamma, L-2, IL-4, and granulocyte-macrophage colony- 
stimulating factor [GM-CSF]) to prime macrophages to re- 
lease inflammatory mediators. However, once induced to 
release monokines following trauma, these macrophages 
then appear to become refractory to further stimulation 
with encotoxin administered in cultures at this dose. 
Whether -his is due to the induction of endotoxin tolerance 
in the endotoxin-tolerant septic mouse comparable with 
that suggested for endotoxin-sensitive animals% re- 
mains to be determined. It should be noted that in this 
study we have directed our attention only at the peritoneal 
macrophage population, as these cells are directly exposed 
to intra-abdominal septic insults (microbes, endotoxin, 
etc). It remains to be determined if other macrophage pop- 
ulations re comparably affected during sepsis. 

Using tne same model of sepsis, Baker et al” suggested 
that splemic adherent cell populations may also be acti- 
vated during sepsis. However, the extent to which these 
splenic acherent cells were activated in that study was not 
described by the authors. Nonetheless, the systemic 
release œ mediators implies that there are other mac- 
rophage populations that may also be contributing to the 
systemictevels of monokines are observed. While perito- 
neal macrophages, as examined herein, appear to be ob- 
vious contributors to this systemic response, the role that 
additiona macrophages, as well as other immune-cell 
populatiens, play in the elevated systemic monokine lev- 
els remaims to be determined. 
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Chang 
With Those Previously Reported for Endotoxi 


Normal 
TNF 
C3H/HeN 0.4+0.9 3.8+2.4t 
C3H/He) 10.8+14.2 96.2 + 23.4t 
IL-6 
C3H/HeN ND 241.5 $3331 
C3H/He] ND 1.0+0.8 1.3+1.2 


*The values presented for the serum levels in C3H/HeN mice are prov 
et al. TNF indicates tumor necrosis factor; IL-6, interleukin 6; CLP, ce 


detectable. 
+P<.05, CLP-treated mice vs sham-treated mice. 


The capacity to induce the systemic release of inflam- 
matory mediators, and the in vivo activation of macro- 
phages harvested from endotoxin-tolerant mice to release 
these agents in response to septic challenge, implies that 
simple release of endotoxin as a stimulant may not be the 
only agent responsible for the changes observed. It may 
weil be that the release of priming agents (eg, interferon 
gamma, IL-4, GM-CSF) in response to injury (trauma) 
plays a key role in setting the stage for the systemic mac- 
rophage mediators elaborated in response to septic insult. 


CLINICAL RELEVANCE 


While the initial results of clinical trials using human 
monoclonal antibodies against endotoxin in patients with 
gram-negative septicemia appears promising” (support- 
ing the concept that endotoxin is an important mediator 
of gram-negative septicemia), it must still be remembered 
that many patients who succumb to multiple organ fail- 
ure associated with sepsis do not always exhibit marked 
endotoxemia’? and often have infections that are not 
gram-negative in origin. In this regard, a number of lab- 
oratory studies have :ndicated that the systemic release of 
macrophage monokines, such as TNF, IL-1, or IL-6, 
appears to play a critical role in the induction of cell and 
organ dysfunctions associated with sepsis.*'° This has 
been substantiated clinically by the observation that high 
circulating levels of these cytokines are correlated with 
adverse outcome from trauma and sepsis.'** Similarly, 
while the release of these cytokines is typically induced by 
endotoxin, other agents, ie, gram-positive bacteria, fungi, 
as well as trauma alone, may also act as inducers.*”” In 
light of this, it was our aim to determine whether a host 
that is endotoxin tolerant would respond differently to 
septic challenge than an endotoxin-sensitive host with 
regard to the release of these monokines into the blood. 
The results indicate that endotoxin-tolerant and 
endotoxin-sensitive mice react to polymicrobial septic in- 
sult in a comparable fashion (similar release of systemic 
mediator-macrophage activation). These results lead us to 
conclude that agents other than endotoxin may play anim- 
portant role in releasing monokines during sepsis. Thus, 
the administration of agents that obviate the effects of 
these systemic mediators could be useful adjuvants in 
those clinical situations where the bacterial cause is not 
clearly defined or where endotoxin is absent during sepsis. 


This investigation was supported by grant 2 RO1 GM 37127 from 
the National Institutes cf Health, Bethesda, Md. 
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in Serum TNF and IL-6 Levels Observed in Endotoxin-Tolerant C3H/He} Mice Compared 
n-Intolerant C3H/HeN Mice Subjected to Sepsis* 


Time After CLP, h 





ND ND ND ND 
39.7+22.6 60.4 + 43.2 ND ND 
T1I28S 318.0 + 209.0t ND 11.3+9.8t 
7.4+1.7 117.0 +80.7t 0.2+0.2 29.2+12.6t 


ided for comparative purposes from a previous publication of Ayala 
cal ligation and puncture; Sham, sham-treated mice; and ND, not 


The mouse D10.G4.1 T-helper, cell clone was a gift from Charles A. 
Janeway, MD, Yale University, New Haven, Conn. The IL-6-sensitive 
murine B-cell hybridoma and the rat monoclonal (IgG1) hybridoma 
were gifts from Jacques Van Snick, PhD, Ludwig Institute of Cancer 
Research, Brussels, Belgium. The WEHI-164 clone 13 cells were a gift 
from Steven Kunkel, PhD, University of Michigan, Ann Arbor. 

We wish to thank Pragnesh Patel for his valuable technical assis- 
tance, Renee Ziobron, and Mary Morrison for their editorial assis- 
tance. 
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Discussion 


PHILIP S. BARIE, MD, New York, NY: Dr Ayala and his 
coworkers have presented a thought-provoking investigation for 
our consideration. In brief, the endotoxin-resistant murine 
C3N/HeJ strain was subjected to an acute systemic infection via 
a standard cecal ligation and puncture model. Studies were con- 
ducted during the subsequent 24 hours to prevent the inherent 
deterioration of the model from confounding their results. Of 
interest, this endotoxin-resistant model demonstrated responses 
in serum TNF and IL-6 levels after CLP when circulating endo- 
toxin exceeded 100 U/mL, as well as a significant TNF and IL-6 
response in surgically prepared control animals. Harvested 
peritonea macrophages showed marked IL-1 and TNE re- 
sponses and a modest IL-6 response to CLP, but substantial re- 
sponses cf all three cytokines and harvested macrophages after 
sham operation when stimulated with LPS. 

This werk raises a number of questions. Beutler and cowork- 
ers in 1985 demonstrated that the He] strain does not generate 
a TNF response in response to endotoxemia. It is likely that a 
non-LPS mediator stimulates the host response to sepsis in this 
model. Aiternatively, it is perhaps time to reexamine the utility 
of this medel in studies of systemic sepsis if constitutive resis- 
tance is se easily overcome as by incubation with the low con- 
centratiors of LPS used herein. Or is this a cell-specific phe- 
nomenon” Have the authors investigated other endotoxin- 
sensitive cell lines in culture, such as neutrophils or endothelial 
cells from this strain, for metabolic reactivity to LPS? 

The authors suggest that the surgical trauma in the model may 
be activa-ing the host response and suggested interferon 
gamma, I_-4, or GM-CSF as putative mediators. This hypothe- 
sis would be enhanced if a remote injury such as a burn or frac- 
ture had the same effect upon peritoneal macrophages. Have the 
investigators considered or performed such studies or consid- 
ered the priming of these animals with these other mediators 
prior to stady? Also, one must also consider the possibility that 
the harvesting procedure may inadvertently result in activation 
of immune cells. 

Finally, a caveat. In the estimation of many, this model is not 
endotoxin tolerant-which is an inducible rather than a constitu- 
tive phenemenon-but rather is better described as endotoxin re- 
sistant. I would urge the authors to repeat these studies in tol- 
erant mice according to this definition as their findings may be 
different. 

The Laboratory of Surgical Metabolism at Cornell has recently 
studied Wistar rats rendered LPS tolerant by a 14-day schedule 
of progressively larger LPS dosages. No circulating TNF or IL-6 
was detecred in response to a 5-mg/kg LPS challenge on day 14, 
and mortality to a standard Pseudomonas-infected, 30% full- 


thickness scald burn was attenuated, in contrast to the many re- ™ 


ports of comparable mortality from CLP in HeJ and sensitive 
mice. Moreover, recovery of endotoxin responsiveness was 
noted afte= only 72 hours of latency, suggesting that the timing 
of such stadies may be critical. 
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DAvip L. DUNN, MD, PHD, Minneapolis, Minn: I also was very 
intrigued by these studies, and echo some of Dr Barie’s com- 
ments, as 1 would also be concerned that we put too much cre- 
dence on the specific mediators involved. Although the phe- 
nomenon is there and although my laboratory also uses 
bioassays in this particular case, when we are actually looking at 
a well-described strain in terms of TNF and endotoxin tolerance, 
I would encourage you to use specific assays using an antibody 
capture or a specific antibody detection technique for these 
monokines before you come to an absolute answer on this mat- 


ter. 

Dr AYALA: In regard to Dr Barie’s comments, I can say that 
basically we are presently involved in looking at a variety of dif- 
ferent cell types. We do not yet have all the results, and thus it 
is premature to speculate whether all cell types will respond 
similarly. I have previously looked at alveolar macrophages in 
endotoxin-sensitive animals, and they do not show comparable 
responses to this type of insult during the first 24 hours. We hope 
to do the same studies in endotoxin-insensitive animals that we 
have examined here. We are also examining Kupffer cells and 
splenic adherent populations. I should point out that we have 
looked at splenocytes as a mixed population, depleted of their 
adherent cell counterpart, and they do show a depression in 
their capacity to produce IL-2 in response to concanavalin A 
stimulation 24 hours following CLP, irrespective of endotoxin 
tolerance-intolerance of the mouse. This is another comparable 
type of change that occurs in those two strains, at least regard- 
ing interleukin production. 

We have not yet examined how some of these other potential 
mediators, such as interferon gamma, IL-4, and GM-CSF, might 
affect this particular system, and we will be conducting such 
studies in the near future. We would also like to examine the ef- 
fect of various antibodies in ablating some of these responses and 
the overall mortality in this model. 

I agree that inducing endotoxin tolerance is a good idea. We 
would like to try this and see if eventually making an animal tol- 
erant is comparable to working with a genetically “altered” an- 
imal to start. 

Regarding the timing chosen in this study, we have restricted 
ourselves in this initial examination to the first 24 hours follow- 
ing septic insult. Most of the literature indicates that the expo- 
sure to endotoxin induces an early transient release of TNF, 
which mediates a cascade of events leading to eventual demise 
of the animal. In this regard, we do see such a release of TNF in 
these endotoxin-tolerant mice. However, since significant mor- 
tality is not noticeable until beyond 24 hours, it would be of in- 
terest to examine later time points (>24 hours) to assess the as- 
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sociation of the release of these inflammatory cytokines with 
increasing mortality. 

In regard to Dr Dunn’s question with the ELISA, we have done 
some of those studies in a hemorrhagic shock model where we 
used both an ELISA and a bioassay. I should point out that with 
the bioassays, we tried to make sure these were specific by first 
assessing them with various other cytokines. As far as IL-6 and 
TNF go, these are two highly specific cell lines in regard to their 
responsiveness. We also ablated these responses by the addition 
of specific antibody to these supernatants in sera, and they do 
ablate the response. 

Finally, with regard to your concerns in utilizing an ELISA vs 
the bioassay or some other antibody-mediated assay, I agree 
these are valid concerns. However, our assay does avoid one 
problem. There are a whole host of soluble inhibitors, and some 
soluble receptors, which have now been identified as present in 
serum. Their functional significance can sometimes be missed 
with an ELISA because you can often detect, as we did in our 
hemorrhage model, these kinds of cytokines present 24 hours 
later, yet the bioassay (which assesses only biologically active 
cytokines) stopped detecting them at 4 hours after the hemor- 
rhage, suggesting that the release of biologically active cytokines 
may differ from circulating antigenic activity. 

Despite aggressive surgical intervention, antibiotics, and nu- 
tritional support, sepsis remains a major cause of death in 
trauma patients. Recently, with advances in immunology and 
recombinant DNA technology, new therapies are being evalu- 
ated for their ability to decrease the deleterious effects of micro- 
bial toxins on patients. A multicenter trial of a monoclonal anti- 
body directed against gram-negative endotoxin in septic patients 
failed to demonstrate efficacy except for a 15% decrease in mor- 
tality in the 36% of patients with gram-negative septicemia.” 
This failure in the larger patient population was due to the in- 
creased number of critically ill patients suffering gram-positive 
and fungal infections. Effective therapy in these patients would 
require the use of additional monoclonal antibodies directed at 
their microbial toxins. An alternative therapy would be to mod- 
ify the host’s response to microbial invaders to maximize its ef- 
fectiveness in combating the pathogens while minimizing the 
deleterious effects an overly aggressive immune response can 
have on the patient. This article provides evidence that trauma 
can result in an overly aggressive host response, as measured by 
increased macrophage production of IL-6 and TNF, each of 
which can contribute to host demise. If future studies can iden- 
tify methods of preventing such a hyperactive response, they 
would potentially offer an alternative therapy for decreasing 
mortality in septic patients. 
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Abnormal In Vitro Immunoglobulin Synthesis 
in Surgical Patients 


Remi P. Schneider, MD; Nicolas V, Christou, MB PhD; Carl Nohr, MD, PhD 


© Blood mononuclear cells from surgical patients produce 
large amounts of IgG in vitro. This synthesis is not increased 
by stimulation with pokeweed mitogen. To determine if this 
abnormal pattern of IgG synthesis extended to other immu- 
noglobulin classes, surgical patients were stratified accord- 
ing to delayed-type hypersensitivity responses as reactive or 
anergic. Healthy personnel were studied as controls. Mono- 
nuclear cells were cultured without or with pokeweed mi- 
togen, and IgG, IgM, and IgA were measured in superna- 
tants. Unstimulated IgG and IgA synthesis was increased in 
surgical patients, especially in those with reduced delayed- 
type hypersensitivity responses. Synthesis of IgM was nor- 
mal or low. With mitogen stimulation, IgG synthesis was 
increased in control and reactive subjects, but not in aner- 
gic subjects. For IgM, mitogen stimulation increased syn- 
thesis to a less than normal level in all patients. For IgA, 
synthesis was increased in all groups. 
(Arch Surg. 1992;127:198-205) 


asi infection remains an unsolved problem in sur- 

gery, leading to an increased risk of morbidity and 
mortality for the patient. Progress in the prevention and 
treatment of such complications requires a thorough un- 
derstanding of normal and abnormal host defense mech- 
anisms. Among the many immunologic abnormalities al- 
ready described in various groups of surgical patients, the 
delayed-type hypersensitivity (DTH) response to a panel 
of ubiquitous skin test antigens has been repeatedly cor- 
related with risk of severe infectious complications"? and 
death. Negative DTH responders, called anergic, fare less 
well than positive DTH responders, called reactive. Al- 
though the precise mecanisms involved in anergy are un- 
known, DTH testing is viewed today as a global tool to 
assess altered immunity in patients.’ 

Humoral immunity is thought to be important in 
defending the host against bacterial infection. High anti- 
bacterial antibody titers at the onset of bacteremia were 
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shown te offer a distinct survival advantage‘ and form the 
basis of mumerous trials that used specific passive immu- 
nization both as a prophylactic and as a therapeutic tool.® 
In additon, multispecific immunoglobulin preparations 
have been used, not only in oncology’ and pediatrics® but 
also in surgery.° 

The synthesis of immunoglobulin is a major function of 
B cells. Botal immunoglobulin production can be studied 
in vivo, >y measuring serum levels.!° However, in surgi- 
cal patients, frequent fluid shifts between body compart- 
ments may produce false results. Furthermore, serum 
levels dø not give an instant picture of the synthetic 
activity of B cells. 

In vitro techniques can be used to study the state of ac- 
tivity of B cells at any given time. Using an enzyme-linked 
immunesorbent plaque assay, we demonstrated that the 
number bf peripheral-blood lymphocytes spontaneously 
synthesizing IgG is increased in surgical patients, show- 
ing B-cell activation." Another method of assessing 
immunezlobulin synthetic activity is to measure immu- 
noglobulin in mononuclear cell (MNC) culture superna- 
tants. Tris method allows the determination of the effect 
of various compounds added to the culture medium. 
Pokeweed mitogen (PWM), a widely used T-cell- 
dependent B-cell mitogen,” can be used to test the capac- 
ity of B cells to respond to mitogen stimulation in vitro. 
Pokeweed mitogen is a plant lectin extract of Phytolacca 
americarc (pokeroot), containing several mitogenic. pro- 
teins.'* The response to PWM stimulation is predomi- 
nantly IsG,, which also constitutes the majority of serum 
IgG. in MNC culture, cells secreting immunoglobulin 
in response to PWM stimulation appear after approxi- 
mately 4 days and peak on day 7 to 8.'° Although there is 
great variability in the maximum amount of immunoglo- 
bulin produced and in the pattern of isotypes, MNCs from 
most namal subjects respond to PWM with an increase 
in levels of IgG, IgM, and IgA in the range of threefold to 
10-fold. An adequate response to PWM stimulation is de- 
pendent on the presence of helper CD4* T cells!”"8 and 
monocyts” in vitro. Using this system, we previously 
showed -hat blood MNCs from surgical patients produce 
large amounts of IgG spontaneously and that this syn- 
thesis was not increased by PWM.” 

The geal of this study was to determine if the observed 
abnormalities of in vitro IgG synthesis in surgical patients 
stratified according to DTH extended to other isotypes. 
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SUBJECTS AND METHODS 
Patient Population 


Surgical patients on the wards and intensive care unit of the 
Royal Victoria Hospital, Montreal, Quebec, were studied. They 
represented a diagnostically heterogeneous group. Standard 
clinical care was provided without regard to study involvement. 
The majority of patients underwent a surgical procedure. The 
remainder either had inoperable malignant neoplasms or had 
illnesses that resolved with nonoperative management. Exclu- 
sion criteria were trauma, pregnancy, corticosteroid therapy, 
chemotherapy, or radiotherapy during the period of study or for 
1 year previously. 

Healthy laboratory controls were studied together with pa- 
tients for all experiments. The control group had an age range 
of 20 to 72 years (mean+SEM, 40+3 years). The ratio of men to 
women was 1:1. 

The study was approved by the Ethics Review Committee of 
the Royal Victoria Hospital. 


DTH Skin Testing 


Skin tests were performed with antigens to which individuals 
in the study geographic area were most likely sensitized.’ The 
antigens were Candida (1:100), mumps antigen (undiluted), pu- 
rified protein derivative (5 TU), Trichophyton, and streptokinase- 
streptodornase (100 U). A volume of 0.1 mL of each antigen was 
injected intradermally cn the arm or forearm. The resulting di- 
ameter of induration was measured 24 and 48 hours after injec- 
tion. The average of the sum of the two greatest diameters of 
each antigen was recorced. A positive response to each antigen 
was defined as induration equal to or greater than 5 mm at ei- 
ther 24 or 48 hours after injection. Patients responding to two or 
more antigens were classified as reactive, and those responding 
to no antigens were considered anergic. Patients responding to 
only one antigen were not studied. No skin tests were performed 
for the first 24 hours after operation. 

Patients in each DTH class were subclassified clinically. A 
walk-in patient (W) was defined as a subject admitted for elec- 
tive surgery that could be delayed up to 3 weeks without adverse 
effect, and with no evidence of active infection on admission 
history and physical examination.” Subjects studied while in the 
surgical intensive care unit (all anergic) were designated I, and 
all other patients were designated hospitalized (H). The follow- 
ing subclasses were thus formed: W reactive, H reactive, W an- 
ergic, H anergic, anc lanergic. There were no I reactive patients. 


Blood MNC Isolation and Culture 


Peripheral-blood MNCs were isolated and cultured as previ- 
ously described.” After isolation with gradient centrifugation 
and differential counting under the microscope, MNCs were 
suspended at 210° lymphocytes per milliliter in RPMI 1640 
medium supplemented with 2% fetal bovine serum, 0.01-mol/L 
HEPES, 50 U/mL of penicillin, 50 pg/mL of streptomycin, 
10-mmol/L glutamine, 5 g/mL of bovine insulin, 5 pg/mL of 
iron-saturated human transferrin, and 5 ng/mL of selenium (ITS 
Medium Supplement, Collaborative Research, Boston, Mass). 
With these medium:supplements, the low (2%) concentration of 
fetal bovine serum supported maximal PWM-driven responses. 
The in vitro mitogenic effect of heterologous serum was thus 
minimized. Viability exceeded 90%. 

Triplicate wells of 0.4x10° lymphocytes per well were incu- 
bated in round-bottom polystyrene microtiter plates at 5% car- 
bon dioxide in a humidified 37°C incubator. Monocytes were not 
removed. Cultures were either spontaneous, ie, not stimulated 
by polyclonal B-cell act:vators, or stimulated with PWM (GIBCO 
670-5360, GIBCO, Grand Island, NY) at an optimal final concen- 
tration of 1:200. The final volume of all culture wells was 220 wL. 
Wells with cells from healthy laboratory control subjects were 
always included on each plate. After 10 days, supernatants were 
harvested into polyvinyl chloride microtiter plates and stored at 
—20°C until assayed. 
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Assay for Total Immunoglobulin in Supernatant 


For quantitation of cumulative IgG, IgM, and IgA in MNC 
culture supernatants, solid-phase competitive radioimmunoas- 
says were used, as previously described.” Briefly, microtiter as- 
say plates were coated overnight with chromatographically pu- 
rified IgG, IgM, or IgA. Sequential incubations were then 
performed with bovine serum albumin, undiluted culture su- 
pernatant, and iodine 125-radiolabeled affinity-purified anti- 
human IgG, IgM, or IgA. For each assay, a standard curve was 
generated with the use of known quantities of IgG, IgM, or IgA 
instead of supernatant. Bound counts per minute in experimen- 
tal wells were converted to nanograms of isotype-specific 
immunoglobulin per culture via a linear regression formula from 
the standard curve. The level of detectability was 10 ng per cul- 
ture. Individual supernatants were assayed in duplicate for each 
isotype. Data from duplicate assay wells and triplicate culture 
supernatants were averaged arithmetically to obtain the total 
amount of each isotype in nanograms per culture. Heavy-chain 
specificity was demonstrated by the failure of either of the two 
other isotypes to inhibit binding of the radiolabeled anti-IgG, 
-IgM, or -IgA to the relevant solid-phase immunoglobulin 


isotype. 


Statistical Analysis and Data Presentation 


Clinical data, skin test results, and in vitro immunoglobulin 
data were averaged arithmetically, and unpaired Student's t test 
was used for group comparisons. To determine the statistical 
significance of the difference between unstimulated and PWM- 
stimulated synthesis of isotype-specific total immunoglobulin 
for each individual, two-tailed unpaired Student's t tests were 
used. Group response patterns were analyzed in contingency 
tables with x? tests including Yates’ correction for continuity. To 
avoid assumptions regarding normal distribution of data, corre- 
lations were performed with the Spearman test, and the degree 
of correlation was stated as the r, coefficient. P<.05 was taken 
to indicate statistical significance. 


RESULTS 
Immunoglobulin Synthesis by Control Subjects 


The normal pattern of in vitro immunoglobulin syn- 
thesis was determined in control subjects. In both spon- 
taneous and PWM-stimulated cultures, IgG was pro- 
duced in the largest quantities, followed by IgM and IgA 
(Table 1). Most subjects showed a statistically significant 
increase with PWM stimulation in all isotypes, considered 
a positive or normal response. The relationship between 
age and in vitro immunoglobulin synthesis was exam- 
ined. For IgG, there was a modest and statistically insig- 
nificant indirect correlation between age and spontaneous 
immunoglobulin synthesis, such that older individuals 
tended to produce less IgG (r,= —.264, P=.08). There 
was no relationship between age and PWM-induced syn- 
thesis (r,= —.07, P>.8). For IgM and IgA, relationships 
between age and either spontaneous or PWM-stimulated 
immunoglobulin synthesis were weak (r, = — .15 to .17, all 
P>.A). 


Spontaneous Immunoglobulin Synthesis by Patients 


For patients, IgG, IgM, and IgA production by unstim- 
ulated MNC cultures is shown in the first column of Ta- 
ble 1. More IgG was produced by MNCs from all patients, 
most in the anergic group (P=.001 vs control, unpaired 
t test). Less IgM was produced spontaneously by reactive 
patients compared with controls (P = .03 vs controls, un- 
paired £ test). Some anergic subjects produced quantities 
of IgM similar to those of control subjects. The pattern of 
spontaneous IgA synthesis was similar to that of IgG. Pa- 
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Table 1.—Spontaneous and Pokeweed 
Mitogen-Stimulated Total Immunoglobulin 
Production In Vitro* — 


Immunoglobulin, ng/Culture 
a 
Spontaneous PWM-Stimulated 



















259 + 89 1470 + 335t 
R Ad 527 +125 1254 + 215t 
A 55 888 + 1394 785 + 1074 














90 + 29 553 + 89t 
R 38 30+ 44 264 + 40t} 
A 48 84+17 166 + 37tt 











43+11 109 + 17+ 
74+16 161 + 25t 


151+24¢ 224+ 42 


“Mononuclear cells from control subjects (C), delayed-type 
hypersensitivity-reactive patients (R), and delayed-type hyper- 
sensitivity—anergic patients (A) were cultured either unstimulated 
(spontaneous) or stimulated with pokeweed mitogen (PWM). Su- 
pernatants were assayed for cumulative immunoglobulin synthe- 
sis. Group arithmetic means + SEM are shown. 

tP<.05 vs spontaneous levels (unpaired t test). 

+P<.05 vs controls (unpaired t test). 






tients produced more, especially those with reduced DTH 
(P=.01, anergic vs control, unpaired t test). These data 
are shown in Figs 1 through 3. Analysis according to clin- 
ical DTH subclassification did not reveal differences in the 
pattern of IgG, IgM, and IgA synthesis, between W aner- 
gic, H anergic, and I anergic patients, nor between W re- 
active and H reactive patients. 


Mitogen-Stimulated Immunoglobulin Synthesis 
by Patients 


The results were analyzed as total immunoglobulin 
produced, as well as the difference between unstimulated 
and stimulated cultures. Also, the data for each individ- 
ual were examined to determine if PWM caused a signif- 
icant increase (positive response, normal) or decrease 
(negative response) for each isotype in each subject. 

The absolute amounts of immunoglobulin produced by 
patient MNCs in PWM stimulated cultures are shown in the 
second column of Table 1. Less IgG was produced by all pa- 
tients, least in those with reduced DTH (P = .03 for controls 
vs anergic patients and P<.04 for reactive vs anergic 
patients, unpaired t tests). This trend was the opposite of 
spontaneous synthesis of this isotype. Among DTH sub- 
classifications, the W anergic and I anergic patients showed 
the most reduced IgG synthesis (W anergic: N=10; 
mean+SEM, 401+155 ng per culture; I anergic: N =35; 
mean+SEM, 714+116 ng per culture). For IgM, the same 
pattern of reduced synthesis in both reactive and anergic 
patients was observed (P<.05 vs controls, unpaired t tests). 
The W anergic patients had the most extreme reduction of 
IgM synthesis (N = 9; mean+SEM, 47+9 ng per culture). For 
IgA, synthesis was slightly elevated among patients (P>.05 
vs controls, unpaired t test), showing the same trend as for 
unstimulated culture. In the subgroup of W anergic pa- 
tients, however, PWM reduced IgA synthesis (N=6; 
mean+SEM, 34+17 ng per culture). 

The difference between PWM-stimulated and unstim- 
ulated immunoglobulin synthesis was calculated for each 
subject. For both IgG and IgM, the differences were 
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Table 2.—Differences Between Spontaneous 
and PWM-Stimulated Total Immunoglobulin 
Production In Vitro* 


Immunoglobulin Difference, 
ng/Culture 







IgG 
1211 +260 
727 + 190 234+ 39t 87+18 
—103 +114tt 82 + 36tł 13232 


“Mononuclear cells from control subjects (C), reactive patients 
(R), and anergic patients (A) were cultured without stimulation 
(spontaneous) or with pokeweed mitogen (PWM) stimulation. The 
differences (PWM stimulated minus spontaneous) were calculated 
for each individual. Arithmetic means + SEM for each isotype in 
each group are shown. 

tP<.05 vs controls (unpaired t test). 

+P<.05 vs R group (unpaired t test). 








463 +75 65+17 












smaller in the patient groups, least in the anergic subjects 
(Table 2). The mean difference in IgG synthesis among 
anergic patients was negative, a reversal of the normal 
pattern of PWM stimulation (P = .001 compared with both 
controls and reactive patients, unpaired t tests). The dif- 
ferences in IgM synthesis were also greater in controls and 
less among patients, especially the anergic group. Al- 
though the anergic group differences were significantly 
less than those of either controls (P= .001, unpaired t test) 
or reactive patients (P=.01, unpaired t test), the average 
was still positive. The differences in IgA synthesis were 
comparable for all groups. 

The statistical significance between PWM-stimulated 
and unstimulated cultures was determined for each iso- 
type in each individual by means of unpaired t tests. The 
response to PWM stimulation was thus determined to be 
either positive, not significantly different, or negative. 
The normal response to PWM is positive, ie, a statistically 
significant increase in immunoglobulin synthesis. In a 
negative response, significantly less immunoglobulin was 
producec in response to PWM stimulation, a reversal of 
the normal response. 

There was a statistically significantly different distribu- 
tion of responses among the classes for each isotype. The 
data are shown in Figs 1 through 3 and summarized in 
Table 3 as numbers of individuals showing a given 
response to PWM in the synthesis of IgG, IgM, and IgA, 
respectively. For IgG synthesis, no controls and occa- 
sional reactive subjects showed negative responses to 
stimulation. More anergic subjects (27%) gave significant 
negative responses than positive responses (20%). For 
IgM and IgA, there were frequent insignificant, and 
occasional negative, responses among patients. Compar- 
isons of DTH subclasses showed no differences in re- 
sponse distribution for any isotype among W reactive and 
H reactive groups and W anergic, H anergic, and I aner- 
gic groups (all xj and x:<4.59, P>.33). 

The pattern of responses to PWM among different iso- 
types was examined. In control subjects, most responses 
to PWM were positive for all three isotypes (x?=5.57, 


P= .23). In reactive patients, there was a shift toward »s 


fewer positive, more insignificant, and occasional nega- 
tive responses. However, the pattern of responses among 
the isotypes was similar (x3=7.65, P=.11). In the anergic 
group, there was a significant difference in distribution of 
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Fig 1.—Relationship between spontaneous (unstimulated) and pokeweed mitogen-stimulated total IgG synthesis in vitro by control (left), 


delayed-type hypersensitivity reactive (center), and delayed-type hypersensitivity anergic (right) patient mononuclear cells. Closed 
diamonds indicate statistically significance differences between spontaneous and pokeweed mitogen-stimulated synthesis; open 


diamonds, nonsignificant differences. 


Stimulated IgM, ng/Culture 


100 1000 


Unstimulated IgM, ng/Culture 





Fig 2.—Relationship between spontaneous (unstimulated) and pokeweed mitogen-stimulated total IgM synthesis in vitro by control (left), 
delayed-type hypersensit.vity reactive (center), and delayed-type hypersensitivity anergic (right) patient mononuclear cells. Closed squares 
indicate statistically significance differences between spontaneous and pokeweed mitogen-stimulated synthesis; open squares, nonsig- 


nificant differences. 


responses to PWM among the isotypes (x?=9.77, P= .04). 
This was due to the high number of anergic patients 
whose MNCs produced significantly less IgG with PWM 
stimulation. 

There was a consistent pattern of responses across iso- 
types within a given individual. Subjects who showed a 
negative IgG response to PWM tended to have insignif- 
icant responses in the other isotypes. Those with insig- 
nificant or positive responses for IgG tended to have sim- 
ilar responses in the other isotypes. 

Table 4 summarizes the abnormalities in spontaneous 
and PWM-stimulated total immunoglobulin synthesis. 
The spontaneous synthesis of IgG and IgA was increased 
among all patients, especially anergic patients. Sponta- 
neous IgM synthesis was either normal or decreased. 
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Stimulation with PWM usually enhanced immunoglobu- 
lin production by patient MNCs, with the exception of 
anergic patients, whose MNCs were unable to increase 
further the already high spontaneous IgG synthesis. 


COMMENT 


The synthesis of immunoglobulin is a functional ex- 
pression of B-cell activity. This aspect of B-cell function is 
frequently studied by means of mitogen stimulation in 
vitro. However, because an in vitro culture is an abnormal 
situation, where regulatory processes unique to the in 
vitro environment may be operative,” determination of 
the spontaneous B-cell activity may provide more accu- 
rate information about the state of the humoral immune 
system in vivo. 
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Fig 3.— Relationship between spontaneous (unstimulated) and pokeweed mitogen-stimulated total IgA synthesis in vitro by control (left), 
delayed-type hypersensitivity reactive (center), and delayed-type hypersensitivity anergic (right) patient mononuclear cells. Closed trian- 
gles indicate statistically significance differences between spontaneous and pokeweed mitogen-stimulated synthesis; open triangles, non- 


significant differences. 








Table 3.—Proportions of Subjects owing Positive, 
Insignificant, and Negative Responses to Pokeweed 
Mitogen Stimulation* 


No. (%) 


















40 (87) 
27 (61) 
11 (20) 


6 (13) 0 (0) 
14 (32) 3 (7) 
29 (53) 15 (27) 



















27 (84) 
27 (71) 
12 (25) 


5 (16) 0 (0) 
11 (29) 0 (0) 
33 (60) 3 (6) 

















16 (70) 6 (26) 1 (4) 
7 (44) 9 (56) 0 (0) 


6 (25) 16 (67) 2 (8) 


*Mononuclear cells from control subjects (C), reactive patients 
(R), and anergic patients (A) were cultured with or without 
pokeweed mitogen. For each subject, the statistical significance of 
the response to pokeweed mitogen stimulation was determined 
(unpaired t test). Responses were thus characterized as either sig- 
nificantly positive (POS, stimulated > unstimulated, P<.05), nega- 
tive (NEG, stimulated < unstimulated, P<.05), or not significant 
(NIL, P>.05). 

tx7= 49.9, P=.0001. 

ty? 34.0, P=.0001. 

§y2= 10.7, P=.03. 









Some aspects of the spontaneous in vitro synthesis of im- 
munoglobulin by MNCs have been examined previously. In 
normal individuals, there is a small and highly variable num- 
ber of spontaneous immunoglobulin-producing cells in the 
circulation. Most of the immunoglobulin produced by such 
cells is IgG or IgA, with lesser amounts of IgM."° In culture, 
such cells can be detected from the initiation,” with a pro- 
gressive accumulation of immunoglobulin in the culture su- 
pernatants for approximately a week.” Although these cells 
are mostly present from the beginning of culture, T cells and 
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Tabie 4.—Summary of Abnormalities in Spontaneous 
and Pokeweed Mitogen-Stimulated Total 
Immunoglobulin Synthesis* 


Stimulated 


IgM 










Spontaneous 











IgG IgM IgA IgG IgA 
















Laboretory 
control N N N 


Reactive >N 
Anergac 


>>N >>N SSN 













>>N. SSN SSN 
<N >N 


*The narmal spontaneous immunoglobulin synthesis is abbrevi- 
ated as N; < and > indicate less than and greater than N, respec- 
tively. Double signs (>> or <<) indicate P<.05, unpaired t tests. 





>>N 


monocytes are necessary in vitro for full expression of this 
unstimuBted activity.® Spontaneous immunoglobulin- 
secreting B cells are also found in the bone marrow” in 
quantities sufficient to account for more than 95% of total im- 
munogleoulin synthesis in the body and gut-associated 
lymph rnodes.*” The origin and role of the circulating cells 
in vivo is not known, but the hypothesis that they represent 
a traffic p nomenon involving bone marrow and other sites 
is supported by the available data.” 

In the present study, MNCs from surgical patients 
spontaneously produced more IgG and IgA than healthy 
subjects. This spontaneous activity was more pronounced 
in ill patients with reduced DTH responses. Synthesis of 
IgM was not increased. 

Increased synthesis of immunoglobulin by MNCs in 
vitro is not unique to anergic surgical patients. It has pre- 
viously been described in patients with liver disease,*! 
graft vs host disease,” autoimmune disease,*** burns,” 
and recemtly in postoperative patients.” The cause of the 
activation in vivo in these diseases is unknown. Age is not 
associated with an increase in spontaneous synthesis; in 
fact, a decrease was observed,” confirming the trend we 
observed in controls. 

There are two groups of hypotheses regarding the or- 
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igin of these in vivo activated B cells in surgical patients. 
The first is that they represent a kind of “immune brown- 
ian motion,” with nonspecific activation of the B-cell sys- 
tem. The second is that they represent a traffic manifes- 
tation of systemic humoral immune responses to 
unknown antigens, possibly bacteria. 

Nonspecific B-cell activation may be due to neurohor- 
monal alterations, such as the increased corticosteroid 
levels seen in acute illness. A possible mechanism for the 
interaction between corticosteroid and the immune sys- 
tem has been suggested by the demonstration of inter- 
leukin receptor induction on blood lymphocytes by the 
hormone.“ Another possible explanation is in vivo acti- 
vation by bacterial products.*’ Endotoxemia has been de- 
scribed in acutely ill patients* and is an important aspect 
of the pathogenesis of sepsis.* Lipopolysaccharide is 
uniformly present in gram-negative bacteria and is a 
well-known activator of murine and human B cells.” 
Bacterial products are thus capable of producing a poly- 
clonal response in human B cells and may account for 
some of the observed in vivo activation seen in surgical 
patients with reduced DTH responses. 

The other major hypothesis to explain increased spon- 
taneous immunoglobulin synthesis in the blood of ill pa- 
tients is that these circulating activated B cells are part of 
systemic immune responses to unknown antigens and 
appear in the blood in the course of the lymphocyte traf- 
fic involved in such responses. They would thus be pro- 
ducing specific rather than nonspecific immunoglobulin. 
In humans, it has been shown that such spontaneous 
antibody-secreting cells do appear in the blood early in the 
course of humoral immune responses to both protein*®” 
and polysaccharide antigens.* 

The list of possible antigens to which a surgical patient 
could be responding includes blood transfusions, self- 
antigens released through tissue injury, and bacteria, 
which the host could encounter by either invasive sepsis 
or translocation from the gut.*”*’ Most bacterial surface 
antigens are polysaccharide. If antibacterial antibody re- 
sponses are part of the cause of increased immunoglob- 
ulin secretion in ill patients, then the pattern of immuno- 
globulin synthesis should be similar to that seen during 
an antipolysaccharide antibody response. 

The pattern of isotypes produced spontaneously in in- 
creased amounts by surgical patients, especially those 
who were more ill, supports the hypothesis that they are 
responding to polysaccharide antigens. The major in- 
creases in spontaneous immunoglobulin synthesis in 
surgical patients are in IgG and IgA, with less or no 
increase in IgM. Ina previous study of subjects vaccinated 
with a bacterial polysaccharide, a similar pattern of 
immunoglobulin syrthesis was observed during the 
course of the antibody response.” 

The most interesting feature of the effect of PWM on in 
vitro immunoglobulin synthesis by patient MNCs is the 
observation that PWM failed to increase, and in some pa- 
tients even significantly decreased, immunoglobulin syn- 
thesis. These abnormal patterns were more prevalent in 
the more ill patients. It is unknown whether PWM is sim- 
ply affecting the activity of spontaneously synthesizing 
cells, or completely inhibiting this population and acti- 
vating another. Regardless, the possible explanations for 
this in vitro observation include abnormal regulatory 
cells, monocyte inhibition, soluble mediator abnormali- 
ties, or, once again, the possibility that the blood cells are 
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a traffic-related manifestation of ongoing in vivo antibody 
responses to unknown antigens. 

The effect of PWM on immunoglobulin synthesis is 
known to be dependent on T cells. Changes in the balance 
of regulatory T cells may affect in vitro immunoglobulin 
synthesis.” It has previously been shown that there is a 
population of Leu-7* large lymphocytes that regulate an- 
tibody synthesis in vitro” and that CD8* cells can inhibit 
both total and specific immunoglobulin synthesis in vitro 
after vaccination in vivo.™ Analysis of regulatory T-cell 
percentages in surgical patients showed an increase in 
Leu-7* cells and a reduction in helper-suppressor ratios in 
patients with reduced DTH responses.” These imbal- 
ances are possible contributors to the observed effect of 
PWM in vitro on MNCs from these patients. 

Increased percentages of monocytes present in cultures 
from anergic patients may also inhibit PWM-stimulated 
responses. As has been demonstrated previously,” 
monocytes are necessary for expression of the response to 
PWM stimulation. A ratio of lymphocytes to monocytes 
of 10:1 was found to be optimal for the conditions used in 
these studies. Ratios of less than 5 were inhibitory. This 
is a level sometimes present in patients with reduced 
DTH.” Thus, abnormalities in the cellular composition in 
vitro, in either T cells or monocytes, may alter PWM re- 
sponsiveness in the manner observed in patients. 

Although several soluble mediators are involved in the 
regulation of B-cell function, it is not clear at present how 
these changes are related to abnormalities in in vitro im- 
munoglobulin synthesis. Abnormalities in the function of 
these mediators in anergic surgical patients have not been 
completely described. 

The final possible explanation of the differential effect 
of PWM on isotype synthesis in vitro lies in the hypoth- 
esis that MNCs were harvested from surgical patients 
during the course of an immune response to unknown 
antigens, possibly bacteria. 

One characteristic of the phenomenon of appearance of 
spontaneous antibody-secreting cells in the circulation 
early after bacterial polysaccharide antigenic encounter is 
that the synthesis of immunoglobulin can be down- 
regulated by PWM stimulation in vitro.” This phenome- 
non was observed in this study. It is therefore possible 
that some or most of the spontaneous total immunoglo- 
bulin measured in the supernatants of cultures of MNCs 
from ill surgical patients is specific antibody to unknown 
antigens, being produced by lymphoblastoid cells that 
can be inhibited by PWM. 

Alternatively, there may be polyclonal activation of the 
B-cell system occurring synchronously with a specific an- 
tibody response. The presence of large lymphocytes in the 
circulation, which are actively dividing and resemble 
those produced by mitogen stimulation in vitro,*°? may 
be a histologic corollary of a traffic-based manifestation of 
either a specific immune response™ or such a polyclonal 
activation of B cells. An increase in serum immunoglob- 
ulin levels, only a fraction of which was specific antibody, 
has also been observed after immunization.“ This poly- 
clonal activation could cause even more spontaneous im- 
munoglobulin synthesis in vitro than would occur in the 
course of an immune response to a specific antigen. 

In summary, MNCs from surgical patients spontane- 
ously produce more IgG and IgA in vitro than cells from 
healthy subjects. This spontaneous activity is more pro- 
nounced in patients with reduced DTH responses. Syn- 


Immunoglobulin Synthesis in Surgical Patients—Schneider et al 203 


f- 


p 


thesis of IgM is not increased. The presence of these cells 
in the blood implies in vivo activation of the B-cell system 
in surgical patients, especially those with reduced DTH. 
Stimulation with PWM resulted in an abnormal, isotype- 
specific pattern of immunoglobulin synthesis. This effect 
was seen mostly in ill patients with reduced DTH. The 
data suggest in vivo activation and dysregulation of the 
B-cell system in ill surgical patients. 


This study was supported in part by the Medical Research Coun- 
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Discussion 


FRANK B. CERRA, MD, Minneapolis, Minn: The general aim of 
this paper was to characterize the immunoglobulin isotype 
responses in surgical patients. Specifically, it desired to charac- 
terize the response profile of B-cell immunoglobulin isotype re- 
leased in response to a nonspecific stimulus, that is, tissue injury 
and a specific, namely, pokeweed mitogen, and to characterize 
the effect of stratification by DTH response on this isotype pro- 
file. The findings in the in vitro system were mainly three. One, 
spontaneous IgG and IgA release were increased with tissue in- 
jury and the PWM stimulation varied with the isotype. The re- 
sponses were very well discriminated by the DTH response type. 

The strengths of the paper are that it demonstrates B-cell ac- 
tivation after tissue injury as manifested in IgG and IgA. It dem- 
onstrates decreased B-cell responsiveness to specific stimula- 
tion, again as manifest in IgG and IgA, and that these responses 
correlated with the DTH response. 

There are two concerns. (1) With the heterogeneity of the pa- 
tient population, how much tissue injury was present? (2) How 
much shock, how much sepsis, how much hypermetabolism 
was there? Dare I ask for a severity index, such as the APACHE? 

In the culture system the cultures were not characterized for 
the number of T-helper cells or monocytes and the ratio to the 
B cells, and I am wondering if this may have affected the results. 

Is this a threshold phenomenon related to tissue injury? Two, 
is the IgG and IgA released directed against something specific? 
Three, is the reduction in specific responsivity of clinical rele- 
vance? And four, why should the immunoglobulin response 
correlate this well with the DTH response? 

BARRY BROWNE, MD, Wauwatosa, Wis: It is interesting that 
you used a T-cell-dependent mitogen in your study. Have you 
repeated any of these experiments with T-cell-independent mi- 
togens? 

RICHARD GAMELLI, MD, Maywood, Ill: A number of years ago 
we described similar observations in burn patients by looking at 
IgG synthesis. We found that we really only could observe this 
failure to augment spontaneous increases in IgG synthesis in 
burns over about 20% total body surface area. Our control pop- 
ulation was elective surgical patients who, similar to your own, 
showed no augmentation in in vitro synthesis. 

The questions I would have would be whether you were able 
to do any correlation between the magnitude of the injury and 
the observations that you found. Additionally, did you charac- 
terize this response over time? In your patients who subse- 
quently got better and had a loss of their anergic state and be- 
came responsive again, was there a restoration to a more normal 
state of antibody synthesis? Our impression was that there was 
a dose-response relationship between the magnitude of the in- 
jury, and as that injury resolved, so did this phenomena. 

DR SCHNEIDER: There were questions about the clinical status 
of these patients. It is a heterogeneous population. There were 
no trauma patients. Other exclusion criteria were chemotherapy, 
radiotherapy, pregnancy, and corticosteroid therapy. 

The data were not analyzed specifically to relate outcome to 
immunoglobulin production. To explain this abnormal elevated 
immunoglobulin synthesis in anergic patients, we have two 
main hypotheses. One is that this immunoglobulin would be 
nonspecific polyclonal activation. The other hypothesis would 
be that these patients actually are responding to specific un- 
known antigens. 

There was a question about whether or not we used li- 
popolysaceharide as an activator in vivo. We have not used that. 
I accept that we might have used analysis of variance rather than 
the t test. We have not conducted studies of these patients at 
different times during their evolution, but it is a very good point 


and I think it should be studied in the future. go” an 
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A National Survey of Surgeons’ Attitudes About Patients 
With Human Immunodeficiency Virus Infections and 
Acquired Immunodeficiency Syndrome 


Gene Ann Shelley, PhD, Richard J. Foward, MD, PhD 


è We conducted a national survey to learn about surgeons’ 
attitudes toward patients with human immunodeficiency 
virus infection and with acquired immunodeficiency syn- 
drome. We received 1039 (72%) responses from 1451 po- 
tential respondents. Seventy-four percent (766 of 1028) of 
surgeons were in favor of routine human immunodeficiency 
virus testing of patients, yet only 6% did so routinely and 
another 6% did so selectively. Most (88%) surgeons be- 
lieved that patients had a right to know if their surgeon was 
infected with the human immunodeficiency virus and 
would agree to be tested if so requested by a patient. Most 
(72%) surgeons also believed that surgeons with the human 
immunodeficiency virus should have their operating privi- 
leges restricted. Only 8% knew the risk of acquiring human 
immunodeficiency virus infection if they sustained a percu- 
taneous injury with contaminated blood, and only 61% 
were familiar with the Centers for Disease Control guide- 
lines on universal precautions. The respondents also be- 
lieved that others were “making the rules” for them while 
they were “taking the risks.” 
(Arch Surg. 1992;127:206-212) 


F or centuries, physicians have recognized that they 

could contract and die of disease carried by their pa- 
tients. Human immunodeficiency virus (HIV), the cause 
of the acquired immunodeficiency syndrome (AIDS), is 
the most recently discovered infectious agent that is 
transmissible from patient to health care worker (HCW). 

Even though HCWs are much more likely to develop 
and die of hepatitis as a result of taking care of an infected 
patient, they tend to be much more concerned about be- 
coming infected with HIV. There are several reasons for 
this increased concern: (1) HCWs can get HIV from per- 
cutaneous injuries with needles or instruments contami- 
nated with blood from infected patients; (2) Virtually all 
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individials infected with HIV eventually develop 
AIDS; G) AIDS is uniformly fatal; and (4) HIV infection 
has, fo- many individuals, adverse social implications 
(ie, that they are homosexual or are intravenous drug 
users) and can result in loss of job, insurance, friends, 
and social standing. 

These concerns have led some physicians to refuse to 
care for patients infected with HIV. Because of their fre- 
quent exposure to blood, surgeons may believe that they 
have a higher risk than other HCWs of becoming infected 
from blood of patients with deadly viruses. This belief has 
led many surgeons to advocate policies that are occasion- 
ally at edds with some groups of patients, medical ethi- 
cists, politicians, and physicians in other specialties. 
These policy differences usually center around routine 
HIV testing of patients. Current Centers for Disease Con- 
trol (CDC) guidelines, known as universal precautions, 
advise 1CWs to assume that all patients are potentially 
infectious for HIV, hepatitis, and other diseases, and to 
take proper precautions with all patients. If one follows 
universal precautions, it is not necessary to test patients 
because knowing a patient harbors an infection should 
not change one’s behavior. Medical groups, public health 
authorities, and medical ethicists have widely supported 
universal precautions. 

Manr surgeons who favor preoperative HIV testing ` 
believe that the knowledge that one of their patients has 
HIV wculd cause them to be especially careful and to take 
additional steps that are not part of universal precautions 
and thet are not taken routinely. Access to medical care 
and possible passage of HIV from infected physicians and 
dentists are additional issues that have received much at- 
tention in the mass media and whenever discussions of 
AIDS issues occur in medical settings. 

While much has been written about these issues by the 
press, medical ethicists, and individual physicians, rela- 
tively little research has been done to systematically learn 
about tne attitudes of physicians in general and surgeons 
in particular. 

Although patients’ rights have been strongly defended 
by patients’ rights groups, medical ethicists, and legisla- ™ 
tors, there has been little systematic examination of the 
perceptions of physicians and surgeons. Those studies 
that have surveyed physicians’ attitudes have elicited re- 


Surgeons’ Attitudes—Shelley & Howard 


sponse from internists, pediatricians, or family practice 
residents.!° Other reports** have queried both surgeons 
and nonsurgeons, but these studies have dealt more with 
physicians’ knowledge than their attitudes. 

Surveys of surgeons’ attitudes are rather limited.“ 
Condit and Frater’ sent surveys containing seven ques- 
tions to slightly fewer than 2500 members of The Society 
of Thoracic Surgeons and received replies from 841 
cardiac surgeons and 235 noncardiac surgeons (43% 
response rate). Two thirds of the surgeons would operate 
on HIV carriers who needed an urgent cardiac operation 
but regarded AIDS as a contraindication to procedures 
using cardiopulmonary bypass. Seventy percent of the 
surgeons favored routine HIV testing of all patients hav- 
ing open-heart operations and 95% supported routine 
testing for patients considered to be at high risk. 

Of 1461 surveys mailed to surgeons in New York, NY, 
and Philadelphia, Pa, Mandelbrot et al’ received re- 
sponses from 551 (38%). Only 13% of surgeons favored 
testing of all surgical patients, while 43% favored testing 
of all patients. Yet, only 3% of surgeons actually tested 
their surgical patients. These previous surveys suffered 
because they possessed a limited scope of questions, low 
response rates (always a difficult problem when physi- 
cians are sent surveys), and limitations as to the surgical 
specialty and geographic area. We therefore decided to 
undertake a more comprehensive survey of surgeons of 
a variety of backgrounds and locations to get a more rep- 
resentative sample. 


SUBJECTS, MATERIALS, AND METHODS 


We mailed a 44-question survey about attitudes and practices 
of surgeons in dealing with patients infected with HIV or hav- 
ing AIDS to 1547 members of the American College of Surgeons. 
The answers to most questions were either dichotomous (yes or 
no) or multiple-choice. Every fifteenth name from an alphabet- 
ized list of members was selected. There was no attempt to 
stratify the sample by surgical specialty. Ninety-six surveys were 
not completed because the surgeon had retired or had died. 
Therefore, our sample size of possible respondents was reduced 
from 1547 to 1451. 

The survey was prepared and mailed using the Total Design 
Method as described by Dillman. This method is designed to 
increase survey response by various methods, including repeat- 
edly contacting respondents. In addition to the questionnaire, 
we provided each respondent with a self-addressed, stamped 
postcard with his or her name printed on it. The postcard was 
to be returned separately from the questionnaire. In this way, we 
could determine who snould receive a second or third mailing 
and still keep the survey responses anonymous. 

The survey covered such topics as routine HIV testing of pa- 
tients and surgeons, treatment of HIV-infected patients, and 
measures used to prevent HIV infection. Space for comments 
accompanied the answers to several questions. The last page 
(question 44) was left blank, and respondents were encouraged 
to make additional comments or suggestions. 


STATISTICAL ANALYSIS 


We used x’ analysis with Yates’ correction to compare the re- 
sponses by the various groups of surgeons. Differences were 
considered to be statistically significant at P<.05. Discriminate 
analysis was used to find potential predictor variables for 
outcome variables. 


RESULTS 


Of the 1451 possible respondents, 1039 (72%) com- 
pleted the questionnaire. We used CDC data to separate 
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Table 1.—Settings in Which Surgeons 
Conduct Their Practices 











Community hospital 


County hospital 48 
University hospital 106 
Veterans hospital 9 


Other* 
Not stated 


*Military hospital, state hospital, or outpatient surgicenter. 


the subgroups of surgeons from states that have a high 
prevalence of AIDS cases (more than 20 AIDS cases per 
100000 persons) (321 surgeons) from those from states 
that have a medium prevalence of AIDS cases (six to 20 
AIDS cases per 100000 persons) (483 surgeons) and from 
states that have a low prevalence of AIDS cases (fewer 
than six AIDS cases per 100 000 persons) (235 surgeons)."! 
The responding surgeons were from all 50 states and Pu- 
erto Rico. They ranged in age from 31 to 81 years (mean, 
52 years). Ninety-eight percent of the respondents were 
men. Most surgeons (n=845) practiced in community 
hospitals (Table 1). General surgery (n = 415) was the most 
prevalent specialty (Table 2). Many general surgeons 
listed more than one specialty, in which instances they are 
included in the general surgery category. 

The first series of questions dealt with testing of 
patients for HIV. Of 1028 responding surgeons (not all 
questions were answered by every surgeon), 766 (74%) 
were in support of testing patients for HIV before the 
surgical procedure. Surgeons from states with a high 
prevalence of AIDS cases were more likely to favor rou- 
tine preoperative testing than surgeons from states with 
a low prevalence of AIDS cases (x? = 3.86, P<.05). Only 58 
(6%) of 1034 responding surgeons, however, said they 
actually tested patients for HIV before the operation, 
while another 58 (6%) tested patients selectively. Eighty- 
nine percent (n= 918) of surgeons did not test patients for 
HIV. The most common reason (410 of 918 [45%]) sur- 
geons gave for not testing patients was the perception that 
state law prohibited them from HIV testing, followed by 
personal choice (280 surgeons [31%]) and the hospital 
prohibited patient testing (173 surgeons [19% ]), while 197 
surgeons (21.5%) gave a variety of other reasons for not 
testing patients for HIV. Some surgeons listed more than 
one reason. Of 221 surgeons commenting about specific 
reasons for not testing patients, 104 (47%) gave reasons 
related to perceived legal hindrances, including fear of li- 
ability and difficulties in obtaining informed consent. 
Twenty-five surgeons (11%) said they did not test patients 
because there was no clear hospital or community policy 
or guidelines for testing or because it was not the custom. 
Thirty-two (14%) surgeons stated they did not test pa- 
tients for HIV because they thought their patient pop- 
ulation was at low risk; nine additional surgeons said 
they did not test patients because the cost of testing 
was too high given the low prevalence of HIV-positive 
patients. Other reasons surgeons said they did not test 
patients included patients refused testing (n=9), delay 
in obtaining results in trauma patients (n=5), and ask- 
ing for permission to test is embarrassing to patient 
and physician (n=6). Only four surgeons indicated 
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per Surgical Specialties 
General 
Orthopedic 
Cardiovascular 
Thoracic 
Colon and rectal 
Vascular 
Urology 
Gynecology 
Otorhinolaryngology 
Plastic 


Ophthalmology 


Neurosurgery 
Pediatric 
Not stated 


they did not test because they treated all patients as if 
they were infected with HIV. 

Sixty-four percent (655 of 1020) of surgeons reported 
they tested patients for HIV if they or another HCW sus- 
tained a parenteral exposure to blood or other body fluid, 
while 32 surgeons (3%) said it depended on the circum- 
stances. Fifty-three percent (533 of 1014) of surgeons said 
they did not test patients for HIV if they or another HCW 
sustained a skin or mucous membrane exposure, while 27 
(3%) stated they occasionally tested patients. The remain- 
ing 45% claimed they tested patients if they or another 
HCW sustained a skin or mucous membrane exposure. 

Although many surgeons stated they did not actually 
test patients if they or another HCW sustained a paren- 
teral exposure from a patient, 95% (985 of 1012) were in 
favor of a policy requiring patients to be tested for HIV 
under such circumstances. The number of surgeons in 
favor of a policy requiring HIV testing of patients fell to 
856 (85%) of 1002 respondents if they had a skin or mu- 
cous membrane exposure. Seventy-three percent (717 of 
976) of surgeons were in favor of requiring a blood sam- 
ple to be stored before the surgical procedure so that it 
could be tested if an exposure occurred and the patient 
could not then refuse. 

When surgeons were asked whether patients had a 
right to know if their physicians were infected with HIV, 
898 (89%) of 1015 responding surgeons answered yes. 
Furthermore, 738 (74%) of 1004 surgeons would agree to 
be tested if so requested by a patient. Seventy-two percent 
(700 of 968) believed that if a surgeon was infected with 
HIV, operating privileges should be restricted. There 
were no differences in responses to these questions 
between surgeons from states with high and low preva- 
lences of AIDS cases. When the surgeons were asked 
whether others (eg, ethicists, internists, and epidemiolo- 
gists who did not come in contact with blood as much as 
surgeons) were “making the rules” for them, 819 (83%) of 
990 respondents indicated they thought so. 

We asked surgeons to estimate the percentage of 
patients they operated on who were infected with HIV. 
Most surgeons (70%) estimated that 1% or fewer of the 
patients they operated on were infected with HIV and 
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94% thought it was 5% or less. Surgeons from states with 
a high prevalence of AIDS cases estimated a significantly 
higher mean percentage of patients infected with HIV 
(mean, 2.39%) than surgeons from states with a low 
prevalence of AIDS cases (mean, 1.43%; P<.0001). Most 
surgeons (91%) estimated 1% or fewer of the patients they 
operated on had clinical AIDS, while 60% thought that 
more than 1% of their patients had risk factors for HIV in- 
fection Many (50%) surgeons claimed they took a sexual 
and dmg history to try to determine which patients were 
at high risk of HIV infection, while 5% said they some- 
times took such a history. Few surgeons actually tested 
their petients; most (97%) estimated their answers to this 
last seres of questions. 

Only 600 (61%) of 988 responding surgeons maintained 
they were familiar with the CDC guidelines for universal 
precaulions. Surgeons from states with a high prevalence 
of AIDS cases were no more likely to be familiar with the 
CDC guidelines than surgeons from states with a low 
prevalence of AIDS cases (P>.05). We asked surgeons to 
check which precautions they routinely took in the oper- 
ating reom to prevent exposure to blood and other body 
fluids fom a set of choices. The majority (76%) relied on 
correc=#ve eyeglasses to prevent eye splashes (Table 3). 
Fewer than half of them reported using each of the other 
special precautions listed in Table 3. 

We aso asked surgeons what special precautions they 
would take if operating on a patient who (1) was infected 
with H-V; (2) had clinical AIDS; or (3) exhibited risk fac- 
tors thet increased his or her likelihood of being infected 
with H_V. If they knew they were operating on a patient 
who was HIV-infected or who had clinical AIDS, most 
surgeons stated they used extra precautions that they did 
not use routinely (Table 3). They were somewhat less 
likely to use special precautions if the patient only had a 
risk facor that increased the likelihood of being infected 
with HIV, but most surgeons still indicated they did 
someth_ng different with these patients that they did not 
do when operating on most of their patients. 

Most surgeons reported at least one percutaneous ex- 
posure ~o blood per year (Table 4). While ophthalmologists 
reported exposure to tears and urologists reported occa- 
sional s<in contact with urine, there was no correlation be- 
tween surgical specialty and number of needle-stick inju- 
ries, cu-s with a sharp instrument, or skin exposure. 

We aiso asked surgeons to estimate the likelihood of 
their becoming infected with HIV if they sustained a per- 
cutanecus injury with a needle contaminated with blood 
from a patient infected with HIV. Several published 
reports suggest the likelihood is between 0.25% and 0.5%. 
Only &2 of surgeons’ estimates were between these two 
numbers. Most estimated less than 0.25% (12% of sur- 
geons) >r more than 0.5% (80% of surgeons). 

In a series of questions about caring for patients infected 
with HIV, we asked what the respondents would do if a 
patien: with HIV were referred for a needed operation 
that the surgeon was able to perform. As an example, we 
used colon resection for carcinoma. Most (73%) answer- 
ing surgeons indicated they would perform the operation, 
but 18% said they would refer the patient to another 
medical center, while 4% said they would find a reason 
not to operate, and another 4% admitted they would 
refuse operate (Table 5). If the patient was not only in- 
fected with HIV but also had AIDS, fewer (66%) of the 
surgeors claimed they would operate (Table 5). 
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Table 3.—Precautions ae a: Used by 
linical Al 


Routine 
Patients 


214 (21) 











Goggles in addition to eyeglasses 


Plastic aprons under gowns 127 (12) 
Double-gloving 375 (37) 
Avoid person-to-person handling of 

needles and sharp instruments 412 (40) 
Use of cautery instead of scalpels 478 (47) 
Use of stapling instruments 

instead of suturing 438 (43) 
Slow the pace of the operationt 
Follow Centers for Disease Control 

guidelines more closely+ 
No additional precautions at 
Total 1018 





*HIV indicates human immunodeficiency virus; AIDS, acquired immunodeficiency syndrome. 


+P<.001 with y2. 






perating Roem for Patients Who Test Positive for HIV, Have 


rgeons in the O or ts 
DS, or Have Risk Factors for Being HIV-Positive* 


HIV-Positive 





No. (%) of Surgeons 









Patients With Risk 
Factors for HIV 


Patients With 


Patients Clinical AIDS 



























534 (53)t 531 (53)t 445 (44) 
398 (39)t 440 (44)t 324 (32)t 
75 (75)t 750 (74)t 699 (64)t 
649 (64)t 663 (66)t 556 (55)t 
550 (54)t 552 (55)t 468 (46)t 
498 (49)t 502 (50)t 436 (43) 
614 (61) 624 (62) 530 (52) 
444 (44) 470 (47) 392 (39) 
50 (5) 57 (6) 112 (11) 
1012 1009 1015 





+Compared with operations on patients without HIV infection or risk factors. 







Table 4.—Surgeons Who Have Had Reported Contact 
With Blood or Other Body Fluid During Surgery 


Type of Operating Room Exposure, 
No. (%) of Surgeons 









No. per Year Needle Stick Instrument Cuts Skin Contact 










254 (25) 429 (42) 49 (5) 
1-2 324 (32) 344 (34) 316 (31) 
3-4 185 (18) 110 (11) 196 (19) 
5-6 112 (11) 45 (4) 113 (11) 
7-8 B (1) 8 (1) 48 (5) 
9-10 B (2) 16 (2) 53 (5) 
>10 109 (11) 65 (6) 240 (24) 

1017 (100) 1017 (100) 1015 (100) 





Surgeons were more likely not to perform an elective 
operation if the patient's health would not be jeopardized 
(we gave augmentation mammoplasty as an example). 
Only 19% of surgeons said they would operate on a pa- 
tient infected with HIV (P>.001 compared with 73% of 
surgeons who reported they would operate for a needed 
operation), and only 12% said they would do so if the pa- 
tient had AIDS (P<.001 compared with the 66% of 
surgeons who said they would operate for a needed op- 
eration) (Table 5). Most surgeons admitted they would 
refuse to operate or find a reason not to operate. We were 
unable to find any factors by discriminate analysis, 
including estimate of risk of acquiring HIV infection, 
knowledge of universal precautions, whether the surgeon 
knew someone with HIV infection, or whether the 
surgeon was from a state with a high prevalence of AIDS 
cases, that predicted whether the surgeon would perform 
an elective or nonelective operation on a patient infected 
with HIV or with clinical AIDS. 

Sixty-one percent (613 of 1007) of surgeons maintained 
they could ethically refuse to perform an operation on a 
patient who was infected with HIV or had AIDS; another 
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81 (8%) surgeons agreed as long as the patient did not 
have a life-threatening illness. When asked if they ever 
had actually refused to operate on a patient who was in- 
fected with HIV or had AIDS, 13% and 15% of the 
surgeons, respectively, stated they had. Seventy-two 
percent (734 of 1013) of the surgeons, however, admitted 
they never (25%) or almost never (47%) operated on pa- 
tients who were infected with HIV or had AIDS. Others 
reported they operated on such patients occasionally 
(26%), often (1%), or frequently (1%). The terms were not 
defined in the questionnaire, however, and since most 
surgeons did not test their patients, the answers are 
largely estimates. 

We also asked surgeons to estimate the prevalence of 
patients infected with HIV in their communities. The ma- 
jority of the surgeons estimated the likelihood of an indi- 
vidual contracting HIV infection to be very low (35% of 
respondents) or low (40%). Fewer surgeons estimated the 
likelihood to be moderate (17%), high (5%), or very high 
(3%). Most (62%) surgeons believed their lifetime risk to 
be 1% or less, but 5% thought the probability to be 10% 
or higher. 


COMMENT 


Three other surveys of American surgeons’ attitudes 
have been published,”* but these reports were limited. 
One surveyed members of The Society of Thoracic Sur- 
geons about performing cardiac surgery on HIV-infected 
patients but asked only one question about testing pa- 
tients.” Another survey was limited to surgeons in Phila- 
delphia, Pa, and New York, and only 38% responded.* A 
fourth survey questioned English HCWs among who 
were a small number of surgeons." Our survey differed in 
that it was national, involving surgeons in all 50 states and 
Puerto Rico, and a variety of surgical specialties were 
represented. 

As others have previously stated,” this study supports 
the belief that there is a lack of sufficient communication 
between public health and legislative officials and those 
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Elective, Needed 
Operation 





Would operate 732 (73%) 
Refer to another center 187 (19%) 
Find a reason not to operate 37 (4%) 
Refuse to operate 43 (4%) 





Table 5.—Responses of Surgeons as to Whether They Would Operate on 
IV-Infected Patients With and Without AIDS* 


HIV-Infected Patient 





Elective, Cosmetic 
Operation 





192 (19%)t 663 (66%) 124 (12%) 
185 (19%) 222 (22%) 198 (20%) 

184 (18%)* 51 (5%) 174 (17%)4 
433 (44%)* 64 (6%) 510 (51%) 










No. (%) of Surgeons 





Patient With AIDS 
c5vre Re 
Elective, Needed Elective, Cosmetic 
Operation Operation 




































“HIV indicates human immunodeficiency virus; AIDS, acquired immunodeficiency syndrome. 


ty? = 728.5, P<.001, compared with elective, needed operation. 
#x? = 780.2, P<.001, compared with elective, needed operation. 


actually at risk. The large majority (83%) of surgeons in 
this survey believed others were making decisions affect- 
ing their treatment of patients infected with HIV that 
might put them and their operating team at increased risk. 
The vast majority of comments centered on this theme 
that policy decisions and laws were being made to protect 
the rights of certain groups and prevented physicians 
from using standard epidemiologic and public health 
measures normally used for other infectious diseases. 
Several comments pleaded for gathering reliable epide- 
miologic data and basing policy decisions on those data. 

Most surgeons favor routine testing of patients for HIV 
and they indicated certain precautions would be more 
likely to be taken in the operating room if the patient had 
any evidence of HIV infection (Table 3). The precautions 
surgeons said they would use that they do not routinely 
use include wearing goggles, wearing plastic aprons un- 
der gowns, using cautery instead of scalpels, using 
stapling instruments, double gloving, avoiding person- 
to-person handling of needles and sharp instruments, 
and slowing the pace of the operation. Only 5% to 11% of 
surgeons said no additional precautions would be used on 
patients who are infected with HIV or have risk factors for 
HIV infection. And yet, there is no evidence that know- 
ing whether a patient is infected or taking these additional 
precautions would reduce the risk of percutaneous expo- 
sure to blood. (There is also no evidence to suggest they 
would not.) Wearing two pairs of gloves reduces the like- 
lihood of cutaneous exposure, however." We believe use 
of the special precautions listed in Table 3 may mainly 
serve to alert the surgical team that a patient harbors a 
potentially infectious agent, but that is something sur- 
geons should be concerned about for all patients. 

We were unable to find any significant factors by dis- 
criminate analysis that predicted whether a surgeon 
would perform an operation on a patient infected with 
HIV or one with clinical AIDS, but the rather large 
percentage of surgeons who would find some other ave- 
nue of approach to the patient infected with HIV other 
than performing a needed operation is disturbing. These 
data suggest that surgeons are concerned about personal 
risk of acquiring HIV to the point that patient well-being 
could theoretically be jeopardized. 

The possibility of HCWs passing HIV to their patients 
has received substantial publicity in the medical literature 
and popular press, with the reports of a surgeon dying of 
AIDS and a dentist in Florida possibly infecting patients 
with HIV (New York Times. December 3, 1990:A10).'*"° The 


210 Arch Surg—Vol 127, February 1992 


CDC recently held a meeting to discuss this problem and 
is trying to formulate a policy that deals with testing of 
HCWs suspected of harboring HIV and recently pub- 
lished its recommendations.” 

The CDC advocates universal precautions to prevent 
exposure to patients’ blood and other body fluids, '®? but 
many (9%) surgeons were not familiar with these guide- 
lines. Most surgeons reported they would or did take 
steps in the operating room they did not ordinarily take 
if they were operating on a patient with HIV, AIDS, or 
with risk factors for HIV infection. The point has been 
made that it is human nature to take extra precaution if 
one knows a patient harbors a potentially infectious agent 
and that HCWs cannot be on guard with every patient.” 
Therefere, testing patients may lead to maximal care in 
patients most likely to transmit infection and result in 
better protection for HCWs. The rebuttal to this argu- 
ment is that individuals may be infectious even though 
they test negative, since the test is for antibody to HIV 
and does not usually become positive for 2 to 3 months 
after onset of infection. 

That surgeons say they would or do take precautions in 
the operating room with patients who are infected is con- 
sistent with their desire to test patients for evidence of 
HIV infection before the surgical procedure. The sur- 
geons’ desire for patient testing and use of special 
precaustons in the operating room for patients infected or 
likely te be infected with HIV is understandable since the 
majority report percutaneous exposure to blood or other 
body fluids of patients, in many cases, multiple times. 
Recent-y, several studies have reported the risk of a per- 
cutaneeus injury to a member of the surgical team to 
range between 1.3% and 15.4%. Most surgeons 
indicated they would operate on infected individuals who 
needed it, even if they had clinical AIDS. Yet, most were 
unwilling to do a purely cosmetic operation. Our survey 
results differ from those of Condit and Frater’ in whose 
study most cardiac surgeons indicated they would per- 
form needed cardiac operation on patients infected with 
HIV but not with clinical AIDS. Even though the major- 
ity of our surgeons were still willing to perform a needed 
operation (for colon cancer) on patients with AIDS, the 
percentage was less than that of those willing to operate 
if they had HIV infection only. 


This study was supported by a grant from Kimberly-Clark Corp, 
Roswell, Ga. 
The questionnaire is available from the authors on request. 
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Discussion 


ROBERT E. CONDON, MD, Milwaukee, Wis: Much of the infor- 
mation in it is useful although probably not unexpected. For in- 
stance, the proportion of surgeons identified in this report who 
would not personally provide care to an HIV-positive patient is 
very similar to the proportion of internists and family practitio- 
ners recently recorded in a paper in the Annals of Internal Med- 
icine to hold similar views. It looks as though about a fifth to a 
fourth of practitioners in the United States would in one way or 
another avoid caring for HIV-positive patients. Perhaps that 
needs some educational effort on our part. 

What really struck me in this report are the disparities that are 
documented. For example, only 60% of surgeons are familiar with 
CDC’s universal precautions and only 8% of surgeons really 
know the transmission risk of a percutaneous injury sustained 
with an HIV-positive patient. This represents a lack of effective 
education on the part of surgeons and other educators in Amer- 
ican medicine. Ninety-five percent of surgeons, for instance, fa- 
vor testing patients if a health care worker is exposed to a per- 
cutaneous injury, but only 65% actually do such testing. The rea- 
son given is a lack of policy in our hospitals about such matters. 

The biggest discrepancy in this report concerns routine HIV 
testing. Seventy-five percent of surgeons favor routine testing, 
but only 6% actually do it. Personal preferences aside, the major 
reasons given for not testing are perceived legal hindrances 
(nearly half the surgeons cited that) and the lack of clear guide- 
lines in their community or in their hospitals about routine test- 
ing. The absence of guidelines is another lack of appropriate 
policy in hospitals, but the misperception about legal hindrances 
truly is a misperception because no state actually prohibits HIV 
testing. They set a lot of hoops that you have to jump through, 
but there is no absolute prohibition on the books in any state. 
This misperception is, from my point of view, a major deficit in 
educating surgeons about realities. 

The data illuminate pervasive deficits in educating surgeons 
and in setting institutional policies about HIV-positive patients. 
This, in turn, amounts to a widespread failure of leadership. 
How many of you—let me challenge you—have personally sup- 
ported or initiated the setting of appropriate policies in your in- 
stitutions about this subject? As is so often true, Pogo is right: 
“we have met the enemy, and he is us.” 

MICHAEL A. WEST, MD, Minneapolis, Minn: In the point- 
counterpoint that we have here, I would like to bring up a cou- 
ple of opposing concepts. In your data, you showed that 75% of 
surgeons supported routine testing. Yet, when you looked at 
what happened in the operating room when surgeons were 
aware of the HIV status of the patient, there was only a 10% or 
20% difference in their use of precautions. In several cases, use 
of simple precautions such as double gloving, even in the case 
of known HIV infection, was only in the range of 60% or 70%. 
Clearly, there is a lot more that could be done to protect 
ourselves. 

I think that polling these surgeons, only 50% of whom had ac- 
tually operated on HIV-positive patients, is a little like polling the 
population at large. There are many things that surgeons would 
“like,” but the real question with respect to HIV testing of sur- 
geons or patients is whether it is really going to result in 
substantial reduction of risk. I think that is very questionable. 

In terms of your risk estimate, at the CDC meeting on HIV 
transmission from health care workers, a risk estimate of 1 in 250 
to 1 in 500 was used for the risk of transmission from surgeon 
to patient. It is probably substantially lower than that in the case 
of an operative exposure to a needle stick. Most of these data 
were derived from needle sticks on the wards and in many cases 
involved actual injection of blood. There does seem to be a re- 
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lationship between the amount of exposure to blood and the 
probability of conversion. In surgical procedures, we are dealing 
with solid needles and the needles would have to go through a 
glove. These factors would tend to reduce the inoculum and de- 
crease the actual transmission rate by a factor of 10 or a 100. 

Finally, in terms of the concern that was expressed in your sur- 
vey about surgeons feeling that other people are making policy 
that affects surgical care, I think that responsibility falls squarely 
on surgeons and members of this Society. At the CDC meeting, 
there were only four surgeons from the Society and five surgeons 
out of a total of more than 1000 representatives of medical and 
civic organizations. I think that surgeons need to take the lead, 
as Dr Condon mentioned, in being active whatever our personal 
feelings. But, we need to be active both in our hospitals, in the 
community, and in lobbying legislators on these issues. 

RONALD LEE NICHOLS, MD, New Orleans, La: This represents 
an unbelievable survey. We have surgeons, two out of three an- 
swering this survey, and around 70% to 80% saying that they 
should be HIV tested, and that they should tell the patient the 
results—I mean it is a noose around their neck. If they tell the 
patient that they are positive, I guarantee you they will have a 
very small practice. And the lawyers will be very interested in 
their previous 20 000 cases that they’ ve done. I can’t believe these 
results. I think there is no evidence that any surgeon has passed 
HIV to a patient in the workplace setting! 

At a recent meeting, we had a round table with the people 
from San Francisco General Hospital who set policy regarding 
blood-borne diseases. They said there was never a case of health 
care worker seroconversion following a solid needle stick. Now, 
we are talking about the surgeon, let alone the patient. The odds 
ratio when you put it in regular figures with a solid needle stick 
was a million to one. Over a million to one that a surgeon after 
being stuck could cause the patient to seroconvert. There has 
never been a case of a general surgeon giving HIV to a patient. 
The dentist is a different story, and there might be one case with 
gynecologists. 

I would have answered with the minority. It is my business at 
this point, especially when we don’t have the right to test 
patients. I’d like to know of those surgeons, the 70% to 80% that 
went along with all of this, did you ask them in your survey have 
they been tested and do they tell their patients? 

J. WESLEY ALEXANDER, MD, Cincinnati, Ohio: Does anyone 
here personally know of a surgeon who has contracted AIDS 
from a patient via a needle stick? Does anyone here know of a 
single case? [In response, only one in the audience knew of one 
such incident. ] 

Maria D. ALLO, MD, San Jose, Calif: Obviously this is an 
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emotionally charged issue and actually a politically charged ep- 
idemic. This survey was clearly conducted before the last CDC 
conference after which issues were raised and increasing pres- 
sure pur on all institutions to come up with some kind of policy. 
Have yau considered re-asking the questions with some addi- 
tional Cuestions regarding whether surgeons themselves have 
been tested and their attitudes regarding disclosure? 

One »f the problems I’ve had with this whole business is the 
double standard that has been applied. We are asked to believe 
in ether transmission of the AIDS virus from a dentist to a pa- 
tient waere there was no alleged exchange of any kind of mu- 
cosal secretions, though, in fact it was most likely passed by 
contamumated instruments which could happen independent of 
whether the practitioner was HIV positive. On the other hand, 
the New York Times recently had a little blurb talking about AIDS 
virus being isolated from bone fragments that had been shot off 
during an orthopedic procedure. 

It is kard for me to believe that on the one hand we are told 
that weneed to be tested and we need to disclose information 
to patieats, regardless of the minimal risk of our transmitting the 
virus tc patients. On the other hand, risks to physicians from 
patients (things like contaminated particles floating around in 
the air in the operating room) are supposed to have no risk and 
it is presumed that we are supposed to be entirely protected by 
the masks that we use. 

DR SHELLEY: First of all, the problem about whether or not 
there is.a substantial risk in transmission—the surgeons were all 
upset about it. Whether there is or not, the surgeons were 
extremely upset that other people were making those decisions 
that the; had the right to make. If they wanted to operate on 
someone, they wanted to know whether or not the patients were 
HIV positive. A lot of surgeons said they operated on people 
they diein’t want to operate on because other people in their 
hospita. would not allow them to test or they felt that would 
alienatetheir patients. Only four surgeons out of this entire 1039 
said thet they treated every single patient as if they were HIV 
positive The CDC recommends that everybody do that. I know 
that is difficult, but that is what they recommend. 

Dr Nichols asked if those surveys said whether or not the sur- 
geons had been tested and do they tell about it. We did not spe- 
cifically ask that question, but we invited all comments. Some 
surgeors said that they were tested; some of them because they 
worked an state hospitals or army hospitals, they automatically 
had been tested. But we didn’t ask that specifically. 

Concerning re-asking any questions, we haven’t addressed 
that possibility. We didn’t know if anybody could really stand for 
this sor- of thing again. 
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As with other drugs, some strains of Pseudomonas aeruginosa may develop 
resistance fairly rapidly during treatment with ciprofloxacin. Culture and 
susceptibility testing performed periodically during therapy will provide information 
not only on the therapeutic effect of the antimicrobial agent but also on the possible 
emergence of bacterial resistance 

CONTRAINDICATIONS 
Cipro? I.V. (ciprofloxacin) is contraindicated in persons with a history of hyper- 
sensitivity to ciprofloxacin or any member of the quinolone class of antimicrobial 
agents 


WARNINGS 

THE SAFETY AND EFFECTIVENESS OF CIPROFLOXACIN IN CHILDREN, 
ADOLESCENTS a THAN 18 YEARS OF AGE), PREGNANT WOMEN, 
AND LACTATING WOMEN HAVE NOT BEEN ESTABLISHED. (SEE 
PRECAUTIONS—PEDIATRIC USE, PREGNANCY AND NURSING 
MOTHERS SUBSECTIONS.) Ciprofloxacin causes lameness in immature dogs. 
Histopathological examination of the weight-bearing joints of these dogs revealed 
permanent lesions of the cartilage. Related quino!one-class drugs also produce 
erosions of cartilage of weight-bearing joints and other signs of arthropathy in 
immature animals of various species. (See ANIMAL PHARMACOLOGY section in 
full prescribing information.) 

Convulsions have been reported in patients receiving ciprofloxacin. 
Convulsions, increased intracranial pressure, and toxic psychosis have been 
reported in patients receiving ciprofloxacin and other drugs of this class. 
Quinolones may also cause central nervous system (CNS) stimulation which ry 
lead to tremors, restlessness, lightheadedness, confusion and hallucinations. If 
these reactions occur in patients receiving ciprofloxacin, the drug should be 
discontinued and appropriate measures instituted. As with all quinolones, 
ciprofloxacin should be used with caution in patients with known or suspected CNS 
disorders, such as severe cerebral arteriosclerosis, epilepsy, and other factors that 
predispose to seizures. (See ADVERSE REACTIONS. | 
SERIOUS AND FATAL REACTIONS HAVE BEEN REPORTED IN PATIENTS 
RECEIVING CONCURRENT ADMINISTRATION OF INTRAVENOUS 
CIPROFLOXACIN AND THEOPHYLLINE. These reactions have included cardiac 
arrest, seizure, status epilepticus and respiratory failure. Although similar serious 
adverse events have been reported in patients receiving theophylline alone, the 
possibility that these reactions may be potentiated by ciprofloxacin cannot be 
eliminated. If concomitant use cannot be avoided, serum levels of theophylline 
should be monitored and dosage adjustments made as appropriate 

Serious and occasionally fatal hypersensitivity (anaphylactic) reactions, some 
following the first dose, have been reported in patients receiving quinolone therapy. 
Some reactions were accompanied by cardiovascular collapse, loss of 
consciousness, tingling, pharyngeal or facial edema, dyspnea, urticaria, and itching. 
Only a few patients had a history ot hypersensitivity reactions. Serious anaphylactic 
reactions require immediate emergency treatment with epinephrine and other 
resuscitation measures, including oxygen, intravenous fluids, intravenous 
antihistamines, corticosteroids, pressor amines and airway management, as 
Clinically indicated. l 

Severe hypersensitivity reactions characterized by rash, fever, eosinophilia, 

jaundice, and hepatic necrosis with fatal outcome have also been reported extremely 
rarely in patients receiving ciprofloxacin along with other drugs. The possibility that 
these reactions were related to ciprofloxacin cannot be excluded. Ciprofloxacin 
should be discontinued at the first appearance of a skin rash or any other sign of 
hypersensitivity. 
Pseudomembranous colitis has been reported with nearly all 
antibacterial agents, including ciprofloxacin, and may range in severity 
from mild to life-threatening. Therefore, it is important to consider this 
diagnosis in patients who present with diarrhea subsequent to the 
administration of antibacterial agents. 

Treatment with antibacterial agents alters the normal flora of the colon and may 
permit overgrowth of clostridia. Studies indicate that a toxin produced by 
Clostridium difficile is one primary cause of “antibiolic-associated colitis.” 

After the diagnosis of pseudomembranous colitis has been established, 
therapeutic measures should be initiated. Mild cases of pseudomembranous colitis 
usually respond to drug discontinuation alone. In moderate to severe cases, 
consideration should be given to management with fluids and electrolytes, protein 
supplementation, and treatment with an antibacterial drug effective against C. 


difficile. 

PRECAUTIONS 
General: INTRAVENOUS CIPROFLOXACIN SHOULD BE ADMINISTERED BY 
SLOW INFUSION OVER A PERIOD OF 60 MINUTES. Local iv site reactions have 
been reported with the intravenous administration of ciprofloxacin. These reactions 
are more frequent if infusion time is 30 minutes or less or if small veins of the hand 
are used. (See ADVERSE REACTIONS.) . 

Crystals of ciprofloxacin have been observed rarely in the urine of human 
subjects but more frequently in the urine of laboratory animals, which is usually 
alkaline. (See ANIMAL PHARMACOLOGY section in full fone information.) 
Crystalluria related to ciprofloxacin has been reported only rarely in humans 
because human urine is usually acidic. Alkalinity of the urine should be avoided in 
patients receiving ciprofloxacin. Patients should be well hydrated to prevent the 
formation of highly concentrated urine. 

Alteration of the dosage regimen is necessary for patients with impairment of 
renal function. (See DOSAGE AND ADMINISTRATION.) 

Moderate to severe phototoxicity manifested by an exaggerated sunburn 
reaction has been observed in some patients who were exposed to direct sunlight 
while receiving some members of the quinolone class of drugs. Excessive sunlight 


should de avoided. 
= As with any potent drug, periodic assessment cf argan system functions, 
including renal, hepatic, and hematopoietic, is advisable daring prolonged therapy. 
Information for Patients: Patients should be advise! ~at ciprofloxacin may be 
associated with hypersensitivity reactions, even followieg a single dose. and to 
discontinue the drug at the first sign of a skin rash or otherallergic reaction. 

Ciprofloxacin may cause dizziness and lightheagemmess; therefore, patients 
should know how they react to this drug before they cmerate an automobile or 
machinery or engage in activities requiring mental alertnes: or coordination. 

Patients should be advised that ciprofloxacin ma’ increase the effects of 
theophylline and caffeine. There is a possibility of caffeine accumulation when 
products containing caffeine are consumed while taking @amolones. 
Drug Interactions: As with other quinolones, corcetrent administration of 
ciprofloxacin with theophylline may lead to elevatec=rum concentrations of 
theophylline and prolongation of its elimination ha tife. This may result in 
increased risk of theophylline-related adverse reactinrs. (See WARNINGS.) If 
concomitant use cannot be avoided, serum levels a! heophylline should be 
monitored and dosage adjustments made as appropriate 

Some quinolones, including ciprofloxacin, have a&c’been shown to interfere 
with the metabolism of caffeine. This may lead to reduce@clearance of caffeine and 
a prolongation of its serum half-life. 

Some quinolones, including ciprofloxacin, have bem associated with transient 
elevations in serum creatinine in patients receiving cycloswerine concomitantly, 

Quinolones have been reported to enhance the effectsaof the oral anticcagulant 
warfarin or its derivatives. When these products are acrmnistered concomitantly, 
prothrombin time or other suitable coagulation tests shovicthe closely monitored. 

Probenecid interferes with renal tubular secretion of eierofloxacin and produces 
an increase in the level of ciprofloxacin in the serum. Tie should be considered if 
patients are receiving both drugs concomitantly 

As with other broad-spectrum antimicrobial agents, prolonged use of 
ciprofloxacin may result in overgrowth of nonsuscep ithe organisms. Repeated 
evaluation of the patient's condition and microbial scsceptibility testing are 
— If superinfection occurs during therapy, appremrate measures should be 
taken 
Carcinogenesis, Mutagenesis, Impairment ofFertility: Eight in vitro 
‘oh a tests have been conducted with ciprofloxaaie. Test results are listed 

Ow: 

Salmonelia/Microsome Test (Negative) 

E. coli DNA Repair Fh. (Negative) 

Mouse Lymphoma Cell Forward Mutation Assay (Pes ve) 

Chinese Hamster V7g Cell HGPRT Test (Negative) 

Synan Hamster Embivo Cell Transformation Assay (*5ative) 

Saccharomyces cerevisiae Point Mutation Assay (Nese ive) 

Saccharomyces cerevisiae Mitotic Crossover and Ge Conversion 

Assay ( Neorg 

Rat Hepatocyte DNA Repair Assay (Positive) 
Thus, two of the eight tests were positive, but results ofthe following three jn vivo 
test systems gave negative results: 

t Hepatocyte DNA Repair Assay 

Micronucieus Test (Mice) 

Dominant Lethal Test (Mice) 
Long-term carcinogenicity studies in mice and rats have »&n completed. After daily 
oral dosing for up to 2 years, there is no evidence tie ciprofloxacin has any 
carcinogenic or tumorigenic effects in these species. 
Pregnancy: Teratogenic Effects. Pregnancy Category C: Reproduction 
Studies have been performed in rats and mice at doses 6 times the usual daily 
human dose and have revealed no evidence of impaired &rvlity or harm to the fetus 
due to ciprofloxacin. In rabbits, ciprofloxacin (30 and 1@@mg/kg orally) produced 
gastrointestinal disturbances resulting in maternal weigm loss and an increased 
incidence of abortion. No teratogenicity was observe» at either dose. After 
intravenous administration of doses up to 20 mg/kg, n= maternal toxicity was 
produced, and no embryotoxicity or teratogenicity wa observed. There are, 
however, no adequate and well-controlled studies in pregaaat women. Ciprofloxacin 
should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. (See WARNINGS.) 
Nursing Mothers: Ciprofloxacin is excreted in humam milk. Because of the 
potential for serious adverse reactions in infants nursiry from mothers taking 
ciprofloxacin, a decision should be made either to d&s-ontinue nursing or to 
discontinue the drug, taking into account the importance ct Me drug to the mother. 
Pediatric Use: Safety and effectiveness in children anc=tolescents less than 18 
years of 5 a not been established. Ciprofloxacin cass arthropathy in juvenile 


animals. (See WARNINGS.) 
ADVERSE REACTIONS 

The mos! frequently reported events, without regard tœdæg relationship, among 
patients treated with intravenous ciprofloxacin were sea, diarrhea, central 
nervous system disturbance, local iv site reactions, abnorm-lities of liver associated 
enzymes (hepatic enzymes) and eosinophilia. Headache, seslessness and rash were 
also noted in greater than 1% of patients treated with the most common doses of 
ciprofloxacin, 

Local iv site reactions have been reported with the mi&avenous administration 
of ciprofloxacin. These reactions are more frequent if the | \/esion time is 30 minutes 
or less. These may appear as local skin reactions whica resolve rapidly upon 
completion of the infusion. Subsequent intravenous administration is not 
contraindicated unless the reactions recur or worsen 

Adcitional events, without regard to drug relationship or route of 
administration, that occurred in 1% or less of ciprofloxaci» courses are listed below: 

GASTROINTESTINAL: ileus; jaundice; gastrointestwxe bleeding; C. difficile- 
associated diarrhea: pseudomembranous colitis; panc eatitis; hepatic necrosis; 
intestinal perforation; dyspepsia; epigastric or abcaminal pain; vomiting; 
constipation; oral ulceration; oral candidiasis; mouth dry wees; anorexia; dysphagia; 
flatulence. 

CENTRAL NERVOUS SYSTEM: convulsive seizures, pæanoia, toxic psychosis, 
depression, dysphasia, phobia, depersonaliza ven, manic reaction, 
unresponsiveness, ataxia, confusion, hallucinations, diez™mess, lightheadedness, 
paresthesia, anxiety, tremor, insomnia, nightmares, weakness, drowsiness, 
irritability, malaise, vata 

SKIN/HYPERSENSITIVITY: anaphylactic reactions: erythema multi‘orme/ 
Stevens-Johnson syndrome; exfoliative dermatitis; toze epidermal necrolysis; 
vasculitis; angioedema; edema of the lips, face, neck, commmnctivae, hands or lower 
extremities; purpura: fever; chills. flushing; prurites urticaria; cutaneous 
candidiasis: vesicles; increased perspiration; hypespmmentation; erythema 
nodosum, photosensitivity. 

Allergic reactions ranging from urticaria to anaphy.atic reactions have been 
reported. (See WARNINGS.) . 

SPECIAL SENSES: decreased visual acuity, blurred ision, disturbed vision 
(flashing lights, change in color perception, overbrightnessaof lights, diplopia), eye 
pain, anosmia hearing loss, tinnitus, nystagmus, a bad taste 

MUSCULOSKELETAL: joint pain: jaw, arm or back pean; joint stiffness; neck 
and ches! pain; achiness; flare-up of gout 

RENAL/UROGENITAL: renal failure, interstitial nephuits, hemorrhagic cystitis, 
renal calculi, frequent urination, acidosis, urethral bleasing, polyuria, urinary 
retention, gynecomastia, candiduria, vaginitis. Crystalluma cylindruria, hematuria, 
and alouminuria have also been reported 

CARDIOVASCULAR: cardiovascular collapse, ea diopulmonary arrest, 
myocardial infarction, arrhythmia, tachycardia, palpitat ov. cerebral thrombosis, 
syncope, cardiac murmur, hypertension, hypotension, angme pectoris. 

RESPIRATORY: respiratory arrest, pulmonary embo#=n, dyspnea, pulmonary 
edeme, respiratory distress, pleural effusion, hemoptysis, epastaxis, hiccough. 

IV INFUSION SITE: thrombophlebitis, burning, par pruritus, paresthesia, 
erythema, swelling. ae 

Also reported were agranulocytosis, prolongation omprothrombin time and 
possible exacerbation of myasthenia gravis. 

Many of these events were described as only milé er moderate in severity, 
abated soon after the drug was discontinued and requiredmctreatment. 

In several instances, nausea, vomiting, tremor, irritatolity or palpitation were 
judged by investigators to be related to elevated serum levels of theophylline 
possibly as a result of drug interaction with ciprofloxacin. l 
Adverse Laboratory Changes: The most frequemt reported changes in 
laboratory parameters with intravenous ciprofloxacin therap*, without regard to drug 
relationship, were 


Hepatic—Elevations of AST (SGOT), ALT (SGPT), alkaline phosphatase, LDH 
and serum bilirubin. 

Hematologic—Elevated eosinophil and platelet counts, decreased platelet 
counts, hemoglobin and/or hematocrit. 

Renal—Elevations of serum creatinine, BUN, uric acid. 

Other—Elevations of serum creatinine phosphokinase, serum theophylline (in 
patients receiving theophylline concomitantly), blood glucose, and triglycerides. 

Other changes occurring infrequently were: decreased leukocyte count, 
elevated atypical lymphocyte count, immature WBCs, elevated serum calcium, 
elevation of serum piel vif transpeptidase (GT), decreased BUN, 
decreased uric acid, decreased total serum protein, decreased serum albumin, 
decreased serum potassium, elevated serum potassium, elevated serum cholesterol. 

Other changes occurring rarely during administration of ciprofloxacin were: 
elevation of serum amylase, decrease of blood glucose, pancytopenia, leukocytosis, 
elevated sedimentation rate, change in serum phenytoin, decreased prothrombin 
time, hemolytic anemia, and bleeding diathesis. 

OVERDOSAGE 

In the event of acute overdosage, the patient should be carefully observed and given 
supportive treatment. Adequate hydration must be maintained. Only a small amount 
of ciprofloxacin (<10%) is removed from the body after hemodialysis or peritoneal 


dialysis. DOSAGE AND ADMINISTRATION 

The recommended adult dosage for urinary tract infections of mild to moderate 
severity is 200 mg every 12 hours. For severe or complicated urinary tract infections 
the recommended dosage is 400 mg every 12 hours. 

The recommended adult dosage for lower respiratory tract infections, skin and 
skin structure infections and bone and joint infections of mild to moderate severity is 
400 mg every 12 hours 

The determination of dosage for any particular patient must take into 
consideration the severity and nature of the infection, the susceptibility of the 
Causative organism, the integrity of the patient's host-defense mechanisms and the 
status of renal and hepatic function. 


DOSAGE GUIDELINES 


Intravenous Daily 


Location of Infection Type or Severity Unit Dose Frequency Dose 

Urinary tract Mild/Moderate 200 mg qi2h 400mg 
Severe/Complicated 400 mg qi2h 800mg 

Lower Respiratory tract; 

Skin and Skin Structure; Mild/Moderate 400 mg qi2h 800mg 

Bone and Joint 


Cipro® I.V. should be administered by intravenous infusion over a 
period of 60 minutes. 

The duration of treatment depends upon the severity of infection. Generally, 
ciprofloxacin should be continued for at least 2 days after the signs and symptoms 
of infection have disappeared. The usual duration is 7 to 14 days. Bone and joint 
infections may require treatment for 4 to 6 weeks or ol a 

Ciprofloxacin hydrochloride tablets (Cipro®) for oral administration are 
available. Parenteral therapy may be changed to oral Cipro” tablets when the 
condition warrants, at the discretion of the physician. For complete dosage and 
administration information, see Cipro® tablet package insert. 

Impaired Renal Function: The following table provides dosage guidelines for 
use in patients with renal impairment; however, monitoring of serum drug levels 
provides the most reliable basis for dosage adjustment. 
RECOMMENDED STARTING AND MAINTENANCE DOSES 
FOR PATIENTS WITH IMPAIRED RENAL FUNCTION 


Creatinine Clearance Dosage 
(mL/min) 
>30 See usual dosage 
5-29 200 - 400 mg q 18 - 24 hr 


When only the serum creatinine concentration is known, the following formula may 


be used to estimate creatinine clearance. 
Men: Creatinine 


clearance (mL/min)= 72 x serum creatinine Tagal) 


Women: 0.85 x the value calculated tor men. 


The serum creatinine should represent a steady state of renal function. = 

For patients with changing renal function or for patients with renal impairment 
and hepatic insufficiency, measurement of serum concentrations of ciprofloxacin will 
provide additional guidance for adjusting dosage. 

INTRAVENOUS ADMINISTRATION 

Cipro® I.V. should be administered by intravenous infusion over a period of 60 
minutes. Slow infusion of a dilute solution into a large vein will minimize patient 
discomfort and reduce the risk of venous irritation. 

Vials aty Concentrate): THIS PREPARATION MUST BE DILUTED 
BEFORE USE. The intravenous dose should be poe by senny 
withdrawing the appropriate volume of concentrate from the vials of Cipro® I.V. This 
should be diluted with a suitable intravenous solution to a final concentration of 1-2 
mgm. (See COMPATIBILITY AND STABILITY.) The resulting solution should be 
infused over a period of 60 minutes by direct infusion or through a Y-type 
intravenous infusion set which may already be in place. . 

If this method or the “piggyback” method of administration is used, it is 
advisable to discontinue temporarily the administration of any other solutions during 
the infusion of Cipro® I.V. -. 
Flexible Containers: Cipro? |.V. is also available as a 0.2% premixed solution ir 
5% dextrose in flexible containers of 100 mL or 200 mL. The solutions in flexibla 
containers may be infused as described above. 

COMPATIBILITY AND STABILITY 

Ciprofloxacin injection 1% (10 mg/mL), when diluted with the following intravenous 
solutions to concentrations of 0.5 to 2.0 mg/mL, is stable for up to 14 days a 
refrigerated or room temperature storage. 

0.9% Sodium Chloride Injection, USP 

5% Dextrose Injection, USP 
If Cipro® I.V. is to be given concomitantly with another drug, each drug should Die 
given separately in accordance with the recommended dosage and route Ow 
administration for each drug. HOW SUPPLIED 
Cipro® I.V (ciprofloxacin) is available as a clear, colorless to g yellowish 
solution. Cipro? I.V. is available in 200 mg and 400 mg wee he concentrate 


is Supplied in vials while the premixed solution is supplied in flexible containers a 

follows: 

CONTAINER SIZE STRENGTH NDC NUMBER 

Vial: 20 mL 200 mg, 1% 0026-8562-20 
40 mL 400 mg, 1% 0026-8564-64 

Flexible 

Container: 100 mL 5% dextrose 200 mg, 0.2% 0026-8552-36 
200 mL 5% dextrose 400 mg, 0.2% 0026-8554-63 
STORAGE 
Vials: Store between 41 - 77°F (5 - 25°C). 
Flexible Container: Store between 41 - 77°F (5 - 25°C 


Protect from light, avoid excessive heat, protect from freezing. 

Ciprofloxacin is also available as Cipro (ciprofloxacin HCI) Tablets 250, 50« 
and 750 mg. 
Caution: Federal (USA) Law prohibits dispensing without a prescription: 
P2100736 Issued: January, 1991 Bay q 3939 5202-4-A-U.S.-1 
06-4745 © 1991 Miles Inc. 1578 
References: 1. Traub WH, Spohr M, Bauer D. Pseudomonas aeruginosa: in vit 
susceptibility to antimicrobial drugs, single and combined, with and without defibrinates 
human blood. Chemotherapy. 1988;34:284-297. 2. Data on file, Miles Inc. Pharmaceutic 
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Double Gloving 


Protecting Surgeons From Blood Contamination in the Operating Room 


Edward J. Quebbeman, MD, PhD; Gordon L. Telford, MD; Karen Wadsworth, RN; Susan Hubbard, RN, BSN, CNOR; 
Hannah Goodman, MS; Mark S. Gottlieb, PhD 


@ Health care workers, particularly surgeons, understand 
the importance of preventing contamination from blood of 
patients infected with deadly viruses. One of the most 
common areas of contamination is the hands and fingers 
due to the failure of glove protection. There are varying 
opinions regarding the frequency of glove failure, the 
necessity of wearing two gloves for added protection, and 
the ability to operate when wearing two gloves. We 
performed a prospective, randomized, trial of 143 proce- 
dures involving 284 persons to answer these questions for 
surgeons and first assistants. Overall, the glove failure rate 
(blood contamination of the fingers) was 51% when one 
glove was worn and 7% when two gloves were worn. Ac- 
ceptability was 88% in the group who agreed to wear two 
gloves, and 88% of these did not perceive that tactile sense 
was significantly impaired. We believe that double gloving 
should be, and can be, used routinely during major surgical 
procedures to protect surgeons from blood contamination. 
(Arch Surg. 1992;127:213-217) 


P ersons who work in the operating room are aware of 

the constant exposure to blood and other bodily flu- 
ids of patients. There is increasing realization that poten- 
tially deadly viruses, such as human immunodeficiency 
virus and hepatitis B and C viruses, may be transmitted 
to operating room staff by this contaminated blood. In a 
previous study, we found that the fingers were contam- 
inated with blood most frequently during operative pro- 
cedures’ and that this was most often due to undetected 
holes in the gloves. The purposes of this study were to 
determine whether the practice of double gloving would 
be effective in reducing the frequency of finger contami- 
nation by blood and to determine whether there were 
reasons surgeons either would not or could not follow this 
practice routinely. 
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SUBJECTS, MATERIALS, AND METHODS 


Two experienced operating room nurses were employed 
solely to observe and record data for this study and had no 
other patient care or administrative responsibilities. The study 
was performed at three hospitals that are major teaching 
affiliates of The Medical College of Wisconsin, Milwaukee. 
Most operations were performed with the participation of the 
surgical residents and medical students. The nurses observed 
only the surgeon and first assistant since these two partici- 
pants are the most frequently contaminated.’ The study nurse 
began recording data on the procedure and the participants 
as the room was being prepared. The nurse then consulted a 
randomization chart to determine if the surgeon should wear 
one or two gloves on each hand. The first assistant automat- 
ically used the alternate gloving practice. If for some reason 
the participants refused this randomization, the reason was 
recorded and the participants wore the number of gloves they 
desired. At the end of the surgical procedure or when indi- 
viduals changed gloves, the nurses inspected the participants’ 
fingers and hands closely. Any visible holes or tears in the 
glove were noted and recorded. The nurse then assisted each 
person in removing their gloves and, in the process, noted 
and recorded the presence of blood on the fingers and the 
inner glove if two gloves were worn. 

The nurses’ presence and the study itself were well accepted 
by the surgeons and other operating room personnel since the 
topic of protection from blood contamination was of interest and 
concern to all. Questions from the nurses regarding the cause of 
blood contamination were readily answered. 

Operations were observed in several surgical specialties to 
achieve as wide a cross section of procedures and participants as 
possible. The procedures chosen for observation were predicted 
to last more than 2 hours and to include blood loss of more than 
100 mL; this identified the surgical procedures and surgeons 
with the greatest risk of contamination. As a result, only 
intrathoracic, intra-abdominal, and major extremity procedures 
were included in the study. 

At the completion of the operation, participants were asked 
several questions to evaluate the subjective problems of wearing 
two gloves. 

A statistical analysis of the significance of differences between 
groups was performed using the x’ test. For comparison of one 
proportion with another, the rate ratio or relative risk (RR) of the 
occurrence of events (ie, contamination) was generated. This RR 
calculation indicates the magnitude of the difference of the two 
proportions. An RR of 1.0 indicates an equivalent risk of the 
event to occur. In addition, a logistic regression analysis was 
performed to evaluate the influence of several simultaneous fac- 
tors on the outcome. 
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General surgery 52 104 
Gynecology 18 36 
Orthopedics 29 57 
Transplant surgery 1 

Trauma 4 

Urology 7 14 
Vascular surgery 19 38 


Total or mean 143 284 


Table 1.—Participants and Glove Assignments* 


No. of Operations No. of 
Performed Participants 
Cardiothoracic 13 26 









Assigned 1, 
Wore 2, No. 






Compliance, % 











5 or 
17 4 80 
5 Ne 86 
1 28 49 
100 
1 1 71 
1 1 86 
16 ahs 58 





46 34 72 





"Variations from the assigned randomization and the actual number of gloves worn are listed for those who chose an alternate gloving 


technique. Compliance is the number of personnel who agreed with the randomization divided by the number of total personnel. 


No. of 
Gloves 


No. (%) of 
Glove 
Failures 


6 (6) 
3 (9) 
43 (40) 
35 (76) 


*Glove failure related to randomization assignment and actual 
number of gloves used. See text for statistical analysis. 


No. of 
Gloves No. of 


Participants 


Assigned Used 


Contamination Rate, % 


Duration of Use, h 


Regression analysis of the frequency of finger contamination while 
wearing single gloves with duration of use of the first glove worn 
by the participants. The 95% confidence intervals for the slope are 
displayed (y = 12.4x + 4.6; r = .86, P<.005). The mean wear time 
was 3.5 hours (median, 3.2 hours). 
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RESULTS 


One hundred forty-three operations were observed, 
involving 284 gloved participants. Two staff surgeons 
were assigned and randomized but did not scrub for the 
procedure and only observed. Compliance with the ran- 
domization (72%) was less complete than originally ex- 
pected, but both single-glove and double-glove assign- 
ments were affected as listed in Table 1. 

There were several comments explaining the reasons 
that the randomization assignments were not accepted. 
Most cammon was the belief that double gloving de- 
creased tactile sense (24 cases) followed by the perception 
that two gloves would be too tight and cause numbness (10 
cases). Other comments were that surgeons did not like 
double gloving or did not want to participate (six cases), 
two gloves were too cumbersome (three cases), there is no 
need toxdouble glove (one case), and the surgeon needed 
dexterity (one case). Personnel choosing double gloves 
when assigned to wear a single glove indicated that it was 
their routine and they needed the extra protection. 

Due tc the divergence from the original randomization, 
there was no difference in finger contamination rates be- 
tween single and double gloving when compared accord- 
ing to original group assignments (Table 2). There was, 
however, a large and significant difference when the 
groups were compared according to the number of gloves 
actually used; 51% contamination for participants wear- 
ing single gloves and 7% contamination for those wearing 
double aloves (x?=52, P<.001). The RR of contamination 
for those wearing single gloves was 7.3. 

There was also a significant difference (P<.05) in the 
contammaation rates between those who agreed with the 
randomization to wear single gloves (40%) and those who 
chose to wear single gloves when randomized to double 
gloving (76%). This suggested additional factors or bias 
not accounted for by either the assignment or the number 
of gloves used alone. For the 107 procedures performed 
by individuals who never refused to cooperate with the 
randomization, the benefit of double gloving still existed: 
a 33% contamination rate for participants wearing single 
gloves and a 9% contamination rate for those wearing 
double gloves (x?=8, P<.005). Compared with those who 
always eooperated, those who chose to use single gloves 
at any time during the study had an increased RR (3.7) of 
contammation, and those who chose to use double gloves 
had a decreased RR (0.16) of contamination. 
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Other factors that influenced finger contamination 
were evaluated for all those wearing single gloves. The 
logistic regression analysis revealed that the duration 
of the operation was highly correlated with contamina- 
tion, while blood loss and specialty service were not 
independent factors. The Figure demonstrates the cor- 
relation of the duration of the operation with finger 
contamination. 

The 130 participants who agreed to wear two gloves had 
few negative comments regarding comfort. Nine (7%) 
found that two gloves were too tight or caused numbness, 
while two (1%) found them baggy. Most (88%) responded 
favorably when asked if wearing two gloves was comfort- 
able. Most (82%) also indicated that they would wear them 
routinely, and an additional 2% said they would wear them 
when operating on high-risk patients. The tactile sense was 
satisfactory for 88% of the participants. Several comments 
indicated that if different sized gloves had been chosen, the 
discomfort may have been eliminated. 

There did not appear to be a difference between single 
and double gloving when actual injuries to the surgeon or 
assistant were evaluated. Two participants wearing dou- 
ble gloves sustained cuts, as did one participant wearing 
a single glove, while needlesticks occurred in two partic- 
ipants wearing double gloves and three participants 
wearing a single glove. This represents an overall injury 
rate of 3% in individuals and 6% of surgical procedures. 


COMMENT 


The fact that commonly available gloves are imperfect 
barriers has been previously reported. Brough et al? tested 
gloves after surgical procedures using the water inflation 
test and found that 37.5% of glove pairs had detectable 
holes. They also believed that this underestimated the 
actual number of glove pairs with small defects. Even 
short, less invasive surgical procedures, such as cardiac 
catheterization,? have shown glove failure rates of 19%. 
This failure of glove protection can be attributed to man- 
ufacturing defects and to wear and tear during operative 
procedures. The surprising information herein is that 
glove failure was so frequent: 51% of glove pairs failed in 
this series of major surgical procedures when only one 
glove was used. | 

Double gloving has been evaluated previously by Matta 
et al.t They performed the water fill test on gloves used 
in operative procedures done consecutively by a limited 
number of surgeons and nurses. They found that sur- 
geons had a higher glove failure rate than that of 
assistants or nurses. Their outer gloves failed in 18% of 
pairs, but the inner gloves failed in only 4.5% of pairs for 
a predicted simultaneous failure rate (ie, finger contami- 
nation) of less than 1%. This suggested that double glov- 
ing is effective in protecting staff and patients. 

We also found a significant decrease in the finger con- 
tamination rate for those who actually wore double gloves 
(from 51% to 7%), but this is a much higher absolute rate 
than previously reported. There are several possible rea- 
sons for this difference, including the complex nature of 
the operative procedures evaluated in our series and the 
fact that we only observed the individuals at highest risk, 
namely, surgeons and first assistants. In addition, our 
nurses observed directly and carefully for blood contam- 
ination and recorded this information immediately, and 
did not rely on self-reporting or memory by the staff. 

Another important factor in analyzing glove function 
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and comparing studies is the duration of the glove used. i 
The Figure demonstrates that the longer a glove is worn, 
the more likely it is to fail. One practical interpretation of 
these data suggests that if double gloving is not used 
during surgical procedures lasting more than 1 hour, the 
participants should at least inspect their hands frequently 
for blood penetration. Then, depending on the level of 
risk they are willing to assume, they should routinely 
change gloves at a preset interval between 1 and 3 hours. 
By 4 hours, the risk of glove failure exceeds 50%. 

A finding that is interesting but difficult to explain is 
that the frequency of finger contamination was 40% when 
people were assigned to wear single gloves, but the fre- 
quency increased to 76% when people refused to wear 
double gloves when assigned and chose to wear only one. 
One possible explanation is that a set of personality traits 
of the individuals in these two groups correlates with their 
desire to cooperate with the study and their conduct dur- 
ing the operation. These traits may have attributes such 
as cooperativeness, carefulness, attention to good proce- 
dural techniques, fear of blood contamination, or others 
that may not be definable. In support of this hypothesis 
are the data from one of the surgeons studied who stated 
that he did not need double gloves, but in the eight op- 
erations he performed, he sustained eight finger contam- 
inations and received one of the three cuts reported in the 
study. Another surgeon in the same specialty always co- 
operated with the randomization and never had a finger 
contamination. Another possibility is that this group of 
surgeons who rejected the use of double gloves more of- 
ten use their fingers for dissection of the tissue and there- 
fore tolerate the second glove less well, even though the 
use of their fingers in this way places them at greater risk 
of blood contamination. 

We found that prejudice about using two gloves was 
common, hence the relatively low compliance rate with 
the randomization process. Two general beliefs were ex- 
pressed: (1) those in favor of double gloving stated, “I al- 
ways double glove and need the protection”; and (2) those 
who disliked double gloving stated, “I find them too un- 
comfortable” for the reasons listed above. 

The results of this study indicate that the benefits of 
double gloving are great and that the comfort issues are 
highly individualized and more apparent than real. The 
group who used the double gloves were satisfied with the 
comfort and the tactile sense in the majority of instances. 
The comments from those individuals who were dis- 
pleased suggest that a few changes could improve accep- 
tance of this technique. Tightness or numbness can be re- 
duced by changing the glove size used. Either the inside 
glove should be a half size larger than the person usually 
wears, or both gloves should be a half size larger 
depending on comfort. If the outer glove is a half size 
larger, the combination is often wrinkled and baggy. 

We recommend using double gloves (1) when operat- 
ing on patients known or suspected to be infected with a 
transmissible virus, and (2) for all major operations pre- 
dicted to last more than 2 hours and involve blood loss of 
more than 100 mL. Glove manufacturers should strongly 
consider developing a more suitable glove with fewer in- 
herent defects and greater wear resistance as previously 
called for by Beck.° Should a better glove become avail- 
able, perhaps the second glove will become superfluous, 
but equivalence of safety must first be demonstrated dur- 
ing actual use in the operating room. 
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Discussion 


RONALD LEE NICHOLS, MD, New Orleans, La: In the last pa- 
per it was questioned whether any surgeon had ever developed 
HIV infection from a needle-stick. If one looks at the literature 
from the Centers for Disease Control, well over 20 health care 
workers have needle-sticks, around five had sharp injuries, and 
almost 10 from cutaneous splashes or skin contamination with 
blood. This group of investigators have—not only in this paper, 
but in other papers—helped us in our understanding of the im- 
portance of universal precautions. I personally think that this 
paper is addressing one of those issues, the surgical glove. This 
is our way to prevent getting blood-borne disease until there is 
a preventive vaccine. 

You have stressed that blood is a toxic substance and carries 
potentially deadly organisms. Your data indicate 51% skin blood 
contamination with single gloving versus 7% with double glov- 
ing. This figure is well above the previous report by Gerberding 
and coworkers in the New England Journal of Medicine that showed 
about 17%. I think that depending on what kinds of surgery 
you're doing, there is a great chance of viral contaminated blood 
getting on our skin and perhaps into our body. 

Your work is unique at this time, but we must remember that 
Dr William Beck in the 1950s was pointing out that the gloves 
didn’t work and that our gowns didn’t work either. We’re not 
protected from our patient’s blood. He recently, as we all know, 
wrote a nice article in the Bulletin of the American College of Sur- 
geons talking about how surgeons are now interested in getting 
gloves that work. 

Two questions. Did you do any pressure testing of these gloves 
or did you rely on gross tears and hand blood contamination? I’ll 
bet that if you did not pressure test each glove, there were a lot more 
holes than you actually found. Number two, did you use first- 
generation gloves? All of us that deal in infection control and par- 
ticipate in hospital committees are bombarded with the necessity 
by some of our senior surgeons of using the expensive second- 
generation gloves. These are supposed to be stronger, safer, and 
more expensive. I’m asking you, because we did a recent cost 
comparison, and if you double glove with first-generation, old- 
fashioned gloves, it costs about 60¢. If you single glove with one 
of these newer gloves, it can cost $3 to $5. If you double glove, you 
can figure it out yourself. The bottom line is $500 000 to a million 
dollars additional yearly cost if these newer gloves are to be utilized. 
What are your recommendations? 

PHILIP S. BARIE, MD, New York, NY: Were all of these blood 
exposures in fact glove failures? Did you have any needle-stick 
injuries during your survey period? If so, how did you handle 
them in terms of data analysis? Second, what was your glove in- 
ventory during this period of study? Was this a study of one type 
of glove? Do you have any inference, apart from the new gloves 
that Dr Nichols mentioned, that the gloves that you have in in- 
ventory are all created equal? 

DAVID AHRENHOLZ, MD, St Paul, Minn: When we are using 
double gloves, it is usually very easy to see when the first glove 
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has been punctured. Were the double-gloved surgeons allowed 
to charge that first glove if it became punctured during the study 
before Slood reached their hands? Also, were you able to strat- 
ify the risk of puncture with either single or double glove by the 
brand -hat was used? I know some surgeons, especially vascu- 
lar surgeons, prefer very thin gloves for increased sensitivity and 
this mht increase the risk. 

CHRISTOPHER PIssiotis, MD, Athens, Greece: I very much 
enjoyee. your study. It seems to me that if we really take 
seriousy one of your slides, we are going to be able to 
distinguish two groups of surgeons. One group is those that 
you heve asked to wear one and they wore two pairs of 
gloves as if they were insecure in a way, and they had a 9% 
infectic rate. The other group is the most dangerous group 
of surgeons. You asked them to wear two pairs of gloves, 
they were one pair and they had a 70% contamination rate. If 
the cheir of the department takes it seriously or the hospital 
infectians committee, they’ll be able to distinguish this dan- 
gerous group of surgeons who are so confident or overconfi- 
dent that, by not adhering to the golden principles of surgical 
technique, they are doing lousy surgery. 

Davr> L. DUNN, MD, Minneapolis, Minn: I was surprised in 
this ver, well-conceived study that we didn’t actually find out 
what tke actual splash-through plus inoculum rate might be. I 
would ke to propose to you perhaps since you can obviously 
do these studies so readily that there are 12 parts of the hand. 
You have 10 digits plus the main part of the hand, and two 
hands. if you pour alcohol over your fingers like I do beforehand, 
you canaietermine whether you have small cuts that might in fact 
allow inoculum to splash through, plus you have an obvious way 
of calculating your splash-through rate here. Did you think 
about doing that at all? Do you have any information on that? 
That has been looked at not in quite that way, but the actual small 
cut rate has been looked at in other studies. 

J. WESLEY ALEXANDER, MD, Cincinnati, Ohio: It seems to me, 
following Dr Condon’s comment, that we may be part of the 
problem ourselves in that we accept a lot of inferior products in 
our practice. I have often wondered if some of these gloves came 
deliberately preperforated. Perhaps 10% of them have perfora- 
tions waen you first put them on, and I think this is unaccept- 
able. I wonder if you have actually studied this in your series. 
Certain, the ones used under 2 hours would suggest that they 
don’t came preperforated too often, but a lot of them do. Cer- 
tainly the products available seem to be inferior. Do you have 
any infermation that could be disseminated or, I think, should 
be disseminated to our general populace of surgeons related to 
the qua_ty control of different brands of gloves? 

DR QVEBBEMAN: Let me begin with Dr Alexander's question. 
It is un»elievable to me that there is such a lack of ability to 
properly test gloves. The official method of testing gloves is to 
tie a glove onto a plastic cylinder and fill it with 1 L of water. A 
glove faure is identified by dripping from the fingers. It is rather 
unscienatic, but that is the test. The accepted failure rate in the 
glove manufacturing business is 1.5% by this methodology. That 
is the best they are giving us, except for the second-generation 
gloves that Dr Nichols was referring to, some of which are guar- 
anteed © be 100% tested before they are marketed. 

I just =ecently heard about the alcohol test on the fingers from 
Don Fry; while discussing the incidence of minor injuries to the 
fingers amd the hands. Yes, if you rinse with alcohol, you sud- 
denly realize how often there are minor injuries that may place 
you at msk if contaminated. 

Dr Pissiotis, you've brought up an important issue about the 
insecure versus the macho surgeon. It turns out that the one 
surgeon 1 referred to who said that he didn’t need the gloves 
participated in eight procedures during our study. In all eight 
cases, he got finger contamination. We don’t have quite enough 


data to evaluate the risks of each individual surgeon yet, but # 


perhaps-ene day we will. There is very clearly a difference be- 
tween how people practice in the operating room. 

We allowed the personnel to change gloves at any time during the 
case, butour data only extended to the first glove of each operation. 
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If they wore other gloves, we didn’t count those in this particular 
series. We did have some needle-stick injuries. We reported here 
the blood that was visible on the fingers because it is an easy end 
point. We had about three needle-sticks in one group and two 
needle-sticks in the other, obviously not any different. 

Several discussants brought up the issue of different kinds of 
gloves, especially Dr Nichols. I was surprised that during our 
study we used eight different brands of gloves in our operating 
rooms. There are many gloves in use. I haven't subjected each 
one to careful analysis, but a preliminary analysis shows that 


some of the gloves are two to three times as bad as some other 
gloves. The more expensive gloves and thicker gloves are a little 
bit better. But, when you talk about double gloving, two cheap 
gloves are better than the best single glove at the present time, 
no matter what their expense. I don’t know exactly the reason 
for that. 

We did not pressure test these gloves at the end of the case. 
I am sure that if we had looked for small pin holes, our incidence 
of glove failure would have been even higher than the 51% ob- 
served. 


Since medical history and examination cannot reliably 
identify all patients infected with human immunodeficiency 
virus, hepatitis B virus, or other pathogens, universal pre- 
cautions, including gloving for exposure to blood or body 
fluids, are now mandated. The question now becomes how 
to create a reliable glove barrier, a problem highlighted by the 
finding by Quebbeman et al that more than half of single 
gloves are eventually breached in routine surgery, with the 
rate a function of operating time. Clearly, more is required; 
hence, the recommendation for double gloving. The finding 
that finger contamination with double gloving is one seventh 
as frequent than with single gloving is encouraging, for it 
strongly suggests that unavoidable puncture is seldom the 
cause. A more plausible explanation is that simple shearing 
of the outer glove occurs during fingertip use (probably use 
in dissection) as glove fatigue increases with time, while the 
inner glove is not exposed to this stress. We may have to stop 
blunt finger dissection exposure of such sites as the pubic tu- 


bercle and pectinate line, the posterior rectum, and fibrosed 
thyroiditis lobes, and return to halstedian dissection. 

A better solution would be the development of stronger but 
still tactile gloves, a process that may not significantly 
increase cost. A technological society that can reinforce the 
knees of britches, the heels of panty hose, and the latex cyl- 
inders of condoms without significant effect on function or 
price should be able to produce a supple but strong fingertip 
on a surgical glove that will not rip on use as an aid in dis- 
section. Certainly those of us burdened with assisting slow 
surgeons hope so, for a little finger dissection judiciously ap- 
plied at the right time by an experienced assistant, while the 
attention of an overly meticulous surgeon is momentarily di- 
verted elsewhere, certainly speeds up many cases! 

HASTINGS K. WRIGHT, MD 
New Haven, Conn 
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The Surgical Infection Society’s Policy on 
Human Immunodeficiency Virus and 
Hepatitis B and C Infection 


The Ad Hoc Committee on Acquired Immunodeficiency Syndrome 
and Hepatitis 
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Eddie Hoover, MD; J. Paul Waymack, MD 


@ The Ad Hoc Committee on Acquired Immunodeficiency 
Syndrome and Hepatitis of The Surgical Infection Society 
has outlined its policy regarding three deadly blood-borne 
viral infections. The risk of transmission of these microbes, 
the role of preoperative testing, the problem of the human 
immunodeficiency virus-infected surgeon, and conduct in 
the operating room are discussed. 

(Arch Surg. 1992;127:218-221) 


i n the spring of 1990, the Ad Hoc Committee on AIDS 

and Hepatitis was formed by President Robert E. 
Condon, MD, of the Surgical Infection Society to draft a 
policy with respect to three deadly, blood-borne viral in- 
fections: human immunodeficiency virus (HIV), hepatitis 
B virus (HBV), and hepatitis C virus (HCV). The Com- 
mittee was to study and make recommendations regard- 
ing, but not restricted to, the following: the risk of HIV 
transmission, the role of preoperative testing, the HIV- 
infected surgeon, conduct in the operating room, and the 
risk of hepatitis transmission. 

Many states have specific regulations outlawing dis- 
crimination against patients who test positive for HIV. 
The Society firmly supports these laws and condemns any 
conduct that would have a negative impact on patient 
care. Additionally, if the result of a patient’s HIV test is 
positive, the physician must provide the patient with ap- 
propriate counseling and follow-up medical care. 

If a patient’s blood contaminates a health care worker 
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(HCW) that patient’s HIV status should be obtainable 
without any legal restriction. This proviso would allow 
HCWs to know their potential risk of acquiring HIV from 
the cortaminating blood. 


THE RISK OF HIV TRANSMISSION 


As reported previously, the rate of positive HIV sero- 
logic testing in the population is low, approximately four 
per thousand,'? and there is little risk of transmission of 
HIV in the operating room either from the patient to the 
surgeon or from the surgeon to the patient. Only 28 
HCWs aave undergone proven seroconversions following 
exposu to patients infected with HIV.* None of these 
serocorverts were surgeons; neither were they exposed in 
the operating room or injured with solid-bore needles. 
Serocorversion occurred in only six of 1538 HCWs suf- 
fering 1507 needlestick injuries. Many of these exposures 
were with solid-bore needles.* 


THE ROLE OF PREOPERATIVE TESTING 


The raain problem regarding HIV testing has been the 
“politicalization” of this test. Since its use is legally 
restricted, epidemiologic information about HIV infec- 
tions, which might otherwise be forthcoming, is limited. 
We suggest that the legal restrictions of this accurate test 
be liftec. Such a change can only benefit those individu- 
als who are HIV-infected, since enzyme inhibitors of re- 
verse tænscriptase (zidovudine and didanosine) have 
proven ‘herapeutic efficacy. The public would benefit by 
the increased knowledge gained about this disease.>” 

Since it is unlikely that the legal restrictions will ever be 
altered based on this report, we recommend that HIV 
testing be considered in all adult patients who are enter- 
ing the medical system for the first time. Subsequent 
testing is recommended as indicated. Testing also should 
be performed following high-risk behavior. We do not 
specifically advocate testing before a surgical procedure as 
it relatesto the surgeon’s protection, but as it relates to the 
provision of high-quality health care to the patient. 
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THE HIV-INFECTED SURGEON 


When three health care professionals (a dentist, a car- 
diac surgeon, and an oncologic surgeon) continued to 
practice after they kmew they were HIV-infected, the pro- 
priety of their activities became an issue openly debated 
in the press. Subsequent to these widely publicized cases, 
the HIV serologic testing of several hundred patients op- 
erated on by surgeons who tested positive for HIV has 
been reported. The only probable cases of transmission 
occurred in the dentist's practice. However, the public has 
become aware of a potential health risk, especially as it re- 
lates to the surgical environment (The New York Times. 
January 22, 1991:C3).° 

The Committee believes that it is inconsistent to selec- 
tively perform HIV tests on surgeons without any data to 
show that an HIV-infected surgeon poses a significant 
health risk to his or her patients. There has never been a 
documented record of transmission of HIV from a sur- 
geon to a patient, and the cases apparently transmitted in 
the dentist’s office occurred where universal precautions’ 
were ignored.* The Ad Hoc Committee on AIDS and 
Hepatitis does not advocate the limitation of a surgeon’s 
professional activity based exclusively on a positive HIV 
serology. Testing is recommended in doctors and patients 
alike, only as these test results may benefit and direct the 
individual’s subsequent health care. 

The Committee recommends that universal precau- 
tions be strictly enforced and, if necessary, education 
programs reinitiatec. 

Additionally, the Committee recognizes a need for ad- 
ditional data regarding the risk of spreading of HIV infec- 
tion in the surgical setting, either patient to doctor or 
doctor to patient. The Committee calls for specific inves- 
tigations by the Centers for Disease Control to ascertain 
this risk. 

The Committee advocates anonymous longitudinal 
studies be undertaken to assess the HIV serologic status 
in surgeons working in areas of high seroprevalence and 
recommends additional investigations to improve barrier 
techniques in the operating rooms and emergency de- 
partments. 

Such studies are of critical importance to base future 
policy with regard to invasive medical procedures on fact 
rather than hypotheses and emotions. 


THE RISK OF HEPATITIS TRANSMISSION 


Transmission of viral hepatitis from infected patients 
and HCWs to noninfected patients and HCWs has 
been a problem for several decades. This is especially 
true of surgeons and their patients. There are currently 
four major types of viral hepatitis that can infect such 
persons: hepatitis A, HBV, HCV, and non-A, non-B, 
non-C hepatitis. 

Hepatitis A viral infections are primarily transmitted by 
the fecal and oral routes. As such, appropriate hand 
washing can prevent most cases of hepatitis A viral infec- 
tions. When they occur, these infections are, in general, 
shorter in duration and less severe than the HBV and 
non-A, non-B (NANB) viral infections. Nonetheless, the 
disease can, on rare occasions, be fatal. Medical person- 
nel who contract hepatitis A infections should refrain 
from patient care until the disease has run its course. Per- 
sonnel who are placed at risk of developing hepatitis A 
infection should be offered immunoglobulin therapy. Al- 
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though such therapy is not universally successful in pre- 
venting infections, it decreases the incidence of hepatitis 
A viral infections.’ 

Hepatitis B viral infections remain a continuing prob- 
lem for medical personnel, especially in surgical special- 
ties. Those surgeons who appear to have an especially 
significant risk include gynecologists and oral sur- 
geons.'*!* There are a number of reasons for this, includ- 
ing the high degree of infectivity of the virus, the large 
numbers of HBV particles present in infected individuals, 
and the lack of proper precautions taken by individuals at 
risk to prevent transmission of the disease. 

The HBV is present in blood and other body fluids 
of individuals suffering from chronic active hepatitis. 
Such fluid can transmit the disease from an infected 
individual to a noninfected individual. Transmission 
can occur from either an infected patient to a nonin- 
fected physician or from an infected physician to a 
noninfected patient. Since approximately 20% of clini- 
cally apparent HBV infections will lead to chronic ac- 
tive hepatitis, and since in some series 25% to 50% of 
such patients have been reported to die within 5 years, 
it is essential to take all possible precautions to prevent 
the transmission of this disease.” 

The use of hepatitis B vaccines (available in a recombi- 
nant DNA form) has been demonstrated to be efficacious 
in preventing HBV infections.” This vaccine should 
appeal to those individuals previously reluctant to use the 
original vaccine that was prepared from blood obtained 
from infected individuals. The complete series of three 
vaccinations has been demonstrated to be efficacious, ex- 
cept in immunosuppressed individuals and in up to 5% 
of healthy individuals. There appears to be a decrease in 
the antibody titers elicited by the vaccine over a period of 
years.” This can leave one quarter of immunized individ- 
uals at risk of contracting HBV infection 5 years after 
completing the initial series of vaccinations. As such, it is 
recommended that all persons at risk of contracting HBV 
infections receive subsequent immunizations at least 
every 5 years. 

Persons developing chronic active hepatitis who re- 
main positive for the hepatitis B surface antigen are 
extremely contagious.! There are reports of up to a 19% 
transmission rate of the disease from a hepatitis-infected 
surgeon to noninfected patients; however, only those 
surgeons who are positive for both the hepatitis B surface 
antigen and hepatitis Be antigen have been shown to 
transmit the disease. The use of isolation equipment, 
such as gowns, gloves, and masks, does not appear to be 
universally successful in preventing the transmission of 
the infection from an infected HCW to a noninfected pa- 
tient.'* This may, in part, be due to the significant 
incidence of inadvertent needlesticks, especially in the 
operating room.” 

All HCWs who have not been immunized against HBV 
infections should be immunized immediately, unless 
there is a special medical contraindication to such immu- 
nization in that individual. Those HCWs who have not 
been immunized should avoid interaction with patients 
who are infected with HBV until they have completed the 
full HBV vaccine immunization series. 

The HCV now has been identified and determined to 
represent approximately one half to two thirds of all 
NANB hepatitis viral infections.» There has yet to be an 
adequate interval since the development of the diagnos- 
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tic test for HCV infections to allow for an exact determi- 
nation of the natural history of HCV infections. 

Non-A, non-B hepatitis (including type C) has been 
extensively studied. Non-A, non-B viral infections re- 
sult in a 50% incidence of chronic liver disease, 
Twenty percent of these patients go on to develop 
cirrhosis. As such, this disease has major implications 
for both medical personnel and their patients. The re- 
cent nature of the development of the hepatitis C diag- 
nostic test and the lack of a diagnostic test for NANB 
(including type C) viral hepatitis has precluded an ex- 
act determination of the infectivity of the NANB hepa- 
titis virus. Consequently, at this time, it is not possible 
to offer more than general guidelines for preventing 
NANB hepatitis viral infections. However, precautions 
should include the proper use of gowns, gloves, and 
masks when at risk of coming in contact with NANB 
hepatitis virus particles. Additionally, proper hand 
washing techniques should be used at all times. It is 
hoped that, as the natural history of type C viral infec- 
tions is determined, more specific guidelines concern- 
ing restrictions on patient care can be determined. 

Viral hepatitis also can be transmitted by blood trans- 
fusions.” Such infections present the same life- 
threatening complications when transmitted by transfu- 
sions as by other methods. As such, it is imperative to 
minimize the use of homologous blood transfusions by 
setting lower hematocrit values at which point blood 
transfusions are deemed necessary, and by the use of au- 
tologous predonation protocols? and blood-salvaging 
protocols. 


CONDUCT IN THE OPERATING ROOM 


Specific recommendations are outlined below which 
should serve as a guide for operating room personnel if 
the patient having surgery is known to have an HIV, 
HBV, or HCV infection; if the patient participates in 
activity considered high risk for HIV exposure; and if the 
surgical team’s exposure to the patient’s blood is likely. 

1. The number of personnel participating in an opera- 
tion on these patients should be kept to an appropriate 
minimum, only experienced personnel who are necessary 
for the procedure should be allowed to participate. 

2. Inexperienced, nonessential, or pregnant person- 
nel should be advised not to participate in operations 
on patients with HIV infections, HBV, or HCV, nor 
should residents perform operations with which they 
are not familiar. 

3. Personnel with open wounds in areas that could 
easily be contaminated with the patient’s serum or other 
body fluids should not be allowed to participate in the 
operation. 

4. If more than minimal bleeding, loss of ascites, or 
other body fluids are anticipated, disposable plastic 
aprons should be worn under operating gowns to avoid 
gross contamination of clothing and skin. 

5. Disposable “scrubs” and gowns should be worn so 
that they can be discarded at the end of the procedure. If 
regular “scrubs” are worn and they become contami- 
nated, they should be placed in the cloth bag and given 
to operating room personnel for proper labeling before 
being returned to the laundry. 

6. Eye shields or eyeglasses should be worn to prevent 
blood, sputum, or other body fluids from getting into the 
eyes. 
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7. Mzsks that become contaminated in any fashion 
should >e changed immediately. 

8. If anderclothing or shoes become contaminated with 
blood cœ other fluids, they should be soaked in a 1:10 di- 
lution e` chlorine bleach to decontaminate them and then 
washee_ For this reason, it is recommended that rubber- 
soled canvas shoes be worn in the operating room since 
they cam be soaked in bleach before being washed. 

9. Great care should be taken to avoid puncture by 
needles during injection of local anesthetics, starting of 
intravexous lines, or suturing of tissues. Needlestick in- 
juries most commonly occur when attempts are made to 
replace the protective cap or shield on the needle. Once 
a cap or shield is removed from a needle, it should not be 
replaced. An uncapped needle provides less danger to 
personr el than the attempts to replace the cap. Rational 
use of s ature material should be stressed. Suture needles 
should not be grasped with the fingers, only with needle 
holders pickups, or other instruments. 

10. The use of scalpels should be kept at a minimum. 
Dispos=ble scalpels are recommended because the risk of 
occurrence of injury when placing and removing the 
blades “om handles is eliminated. The use of scissors and 
cautery for dissection is recommended. The use of cautery 
to perform the incision also is recommended. This in- 
cludes tthe skin, subcutaneous tissue, and fascia. 

11. Sharp instruments should only be handled by the 
surgeor and the scrub nurse. Sharp instruments should 
be isolated from all other instruments. Whenever sharp 
instruments are being used by the surgeon, the remain- 
der of tae operating team should keep their hands clear 
of the area unless their help is required. 

12. No member of the surgical team should remove in- 
strumeats from or return instruments to the scrub nurse’s 
tray. This increases the risk of injury. No sharp or pointed 
instruments should be left lying on the surgical sheets 
where they can inadvertently injure someone. 

13. “re Department of Pathology should be informed 
ahead af time if a biopsy specimen is to be obtained so that 
the specimen can be handled appropriately. All speci- 
mens should be labeled with a blood and body fluids pre- 
caution label. 

14. Al personnel should thoroughly wash their hands 
and arms at the end of the operation. 

15. F there is any possibility of skin contamination with 
the patient's blood or other fluids, a warm shower should 
be take. immediately after the operation using an anti- 
microlal skin cleanser. 

16. Consider scheduling procedures for the end of the 
operatmg room schedule to facilitate terminal cleaning 
procecures. 
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Surgical Anatomy Question 


The Dartos muscle adheres to the skin and is supplied by sympathetic 


nerve fibers. [True or False?] 
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Primary Treatment of Esophageal Achalasia 


Long-term Results of Myotomy and Dor Fundoplication 


Luigi Bonavina, MD; Attilio Nosadini, MD; Romeo Bardini, MD; Marco Baessato, MD; Alberto Peracchia, MD 


© From 1976 to 1989, 206 patients referred for primary 
treatment of esophageal achalasia underwent transabdom- 
inal Heller’s myotomy and anterior fundoplication accord- 
ing to the Dor technique. In the majority of the patients, the 
cardia was not mobilized, and the myotomy was extended 
in length for about 10 cm (8 cm on the esophagus and 2 cm 
on the stomach). There was no operative mortality. Two 
patients (0.9%) required reoperation due to bleeding from 
the myotomy site in one and leakage from the gastrotomy 
site in the other. One hundred ninety-three patients entered 
the follow-up study and were followed up from 12 to 144 
months (median, 64.5 months). Five patients died during the 
follow-up of unrelated diseases, and in one patient, an 
esophageal cancer infiltrating the trachea was discovered 
26 months after the operation. Clinical results were excel- 
lent or good in 93.8% of the patients, and fair in 2.6%. Dis- 
abling dysphagia recurred in seven patients (3.6%), six of 
whom required pneumatic dilation for relief and one patient 
who underwent reoperation because of a paraesophageal 
hiatal hernia. Postoperative roentgenographic studies 
showed a significant reduction in the mean value of the 
maximal esophageal diameter. Esophageal manometry 
showed a significant reduction of lower esophageal sphinc- 
ter pressure and length over preoperative values. Twenty- 
four—hour esophageal pH monitoring showed an abnormal 
acid exposure in seven (8.6%) of 81 patients tested. Of these 
patients, one had erosive esophagitis on endoscopy. Esoph- 
ageal transit scintigraphy, performed in 11 patients, showed 
a significant improvement of transit time in the erect posi- 
tion compared with preoperative values. We concluded that 
transabdominal esophagomyotomy combined with Dor 
fundoplication is a safe, effective, and durable procedure in 
the treatment of esophageal achalasia. 
(Arch Surg. 1992;127:222-227) 


C urrent treatment modalities for achalasia of the 
esophagus are palliative and aim at improving 
esophageal emptying by reducing distal esophageal 
sphincter resistance to passage of the bolus. This goal can 
be achieved either by pneumatic dilation or by surgical 
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myotomy, but no firm consensus has been reached 
regardmg the choice of the initial treatment. To date, ret- 
rospecawe studies have shown better results with myot- 
omy pe-formed by an experienced surgeon,! and in the 
only prospective randomized trial, primary esophagomy- 
otomy zave better long-term results when compared with 
pneunŪtic dilation.? 

Extramucosal esophagomyotomy, first described by 
Heller, remains the operation of choice for treatment of 
achalasia, although many technical modifications have 
been made and a variety of antireflux procedures have 
been cambined either through the thoracic or the abdom- 
inal ap»roach. A number of reports have outlined the ef- 
fectiven2ss of this operation in relieving dysphagia,** but 
concern has been expressed regarding the possible late 
develop nent of reflux esophagitis and peptic stricture.” 

The purpose of this study was to evaluate the late re- 
sults of Heller’s operation combined with a partial fun- 
doplicaton in a large series of previously untreated 
patient- 


PATIENTS AND METHODS 
Patient Population 


From 1967 to 1989, 247 patients were referred to our institution 
for primery surgical treatment of esophageal achalasia. The 
study pe@pulation was drawn from this series and consists of 206 
patients who underwent a standard transabdominal operation 
betweer 1976 and 1989. None of these individuals had previ- 
ously umdergone any surgical and/or endoscopic treatment. 

There were 105 females and 101 males, with a median age of 
52 yearsrange, 5 to 72 years). Presenting symptoms included 
dysphagia in 203 patients (98.5%), regurgitation in 162 (78.6%), 
heartburr or retrosternal pain in 76 (36.9%), and aspiration in 25 
(12.1%). A loss of body weight greater than 10% was docu- 
mented = 12 patients (5.8%). The median duration of symptoms 
was 33 months (range, 2 to 72 months). 


Preoperative Evaluation 


The diegnosis of achalasia was made based on roentgeno- 
graphic and manometric criteria. According to the maximal di- 
ameter ard shape of the thoracic esophagus on a standard bar- 
ium swalow study, 40 patients (19.4%) had grade 1 achalasia 
(diamete- <4 cm), 102 (49.5%) had grade 2 (diameter, between 
4 and 6 am), 53 (25.7%) had grade 3 (diameter, >6 cm), and 11 
(5.3%) had grade 4 (sigmoid esophagus). 

Esophazeal manometry was performed in fasting patients 
with the se of a 3-4 lumen polyethylene catheter assembly that 
was perfased with distilled water at a constant rate of 0.5 mL/min 
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by an Arndorfer pneumohydraulic pump. The catheter was 
passed through the nose into the stomach in the majority of the 
patients. At least two rapid and two station pull-throughs were 
performed. The resting pressure of the lower esophageal sphinc- 
ter (LES) was measured :n millimeters of mercury with the use 
of a rapid pull-through technique," and values that were 
obtained represented the mean of six to eight consecutive read- 
ings. The LES overall length and the intra-abdominal length, ie, 
the length of the sphincter below the respiratory inversion point, 
were measured in millimeters with the use of a station pull- 
through technique," and values that were obtained represented 
the mean of three to four consecutive readings. The catheter was 
then withdrawn until at least two orifices were positioned above 
the LES; LES relaxation and motor activity of the esophageal 
body were evaluated with the patient swallowing 5 mL of water 
10 times at 20-second intervals. Impaired LES relaxation (<80% 
drop to baseline gastric pressure) and aperistalsis of the entire 
esophagus were the most common findings. Only four patients 
in this series (1.9%) met the current criteria for the diagnosis of 
vigorous achalasia, ie, the presence of simultaneous, high- 
amplitude pressure waves throughout the esophageal body.” 

Upper gastrointestinal tract endoscopy was performed in all 
patients to exclude the presence of organic obstruction and co- 
existing diseases. 


Surgical Technique 


All patients underwent a transabdominal operation. This 
consisted of an esophagomyotomy that was extended for about 
8 cm on the esophagus and 2 cm on the stomach. The phrenoe- 
sophageal membrane was incised to a limited extent, just to gain 
access to the anterior surface of the esophagus. Circumferential 
dissection of the cardia was carried out only in patients with 
grade 4 disease to stretch down a sigmoid esophagus; in such 
circumstances, a poster-or crural repair was always performed. 
The fat pad underlying the esophagogastric junction was re- 
moved, and care was taken not to injure the anterior vagus 
nerve. After division of the transverse vessels crossing the car- 
dia, the incision of the muscle layers with a scalpel was started 
on the anterior surface of the lower esophagus. Once the 
submucosa was identified, the myotomy was extended on the 
stomach and, with a scissors, proximally on the esophagus. The 
muscle edges of the myotomy were lifted up and dissected free 
to uncover the submucosal layer of the half-anterior circumfer- 
ence of the esophagus, and care was taken to divide all minute 
bands of the circular muscle. To facilitate the myotomy, a Foley 
catheter was inserted in the esophagus through a small gastro- 
tomy, and the balloon was inflated with air to distend the 
esophageal lumen. During the last 5 years, this latter technique 
was discontinued, and the myotomy had been routinely carried 
out with a 60 F Maloney bougie that was inserted in the esoph- 
ageal lumen by the anesthesiologist. 

A partial fundoplication according to the technique of Dor et 
al? was constructed in all patients with the use of the anterior 
wall of the gastric fundus that was secured to the upper border 
and to the edges of the myotomy by using 3-0 sutures (Ti-Cron, 
American Cyanamid Co, Wayne, NJ). The most proximal 
stitches were fixed to the border of the diaphragm. This patch of 
stomach extended for about 5 cm in length over the denuded 
esophageal mucosa (Fig 1). 


Follow-up 


Patients were seen in the outpatient clinic within 2 months af- 
ter surgery, and a standard questionnaire was used to record any 
postoperative symptom. Subsequently, a clinical evaluation was 
obtained every year and consisted of a direct interview with the 
patient in the clinic or a mailed questionnaire that was followed 
by an interview by telephone. Results were graded as excellent 
(no dysphagia), good (occasional dysphagia, once a week or less, 
not requiring treatment), fair (frequent dysphagia, more than 
once a week, requiring dietary adjustments or medical advice), 
and poor (disabling dysphagia requiring treatment). 
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Fig 1.—Partial anterior fundoplication according to the Dor tech- 
nique. The gastric wall is sutured with interrupted stitches to the 
muscular borders of the esophagomyotomy, covering the half- 
anterior surface of the mucosa for about 5 cm in length. 


A barium swallow study was routinely obtained within the 
first year of follow-up to evaluate the diameter of the esophageal 
lumen and to check for the presence of the gastric air pocket. One 
hundred thirty-two patients underwent esophageal manometry 
6 to 12 months after the operation. Of these, 25 patients volun- 
teered for sequential manometric studies, ie, 6 months and 5 to 
10 years postoperatively. Eighty-one patients underwent 24- 
hour esophageal pH monitoring 6 months to 7 years postoper- 
atively, according to the technique described by DeMeester et 
al."* A total time of pH below 4 for less than 4.2% of the mon- 
itored period was considered to be normal. 

Upper gastrointestinal tract endoscopy was performed 1 year 
or more after the operation in 161 patients and, subsequently, at 
2-year intervals. During the last year of the study, 11 patients 
have been evaluated before and after operation with esophageal 
transit scintigraphy. This was performed with a liquid bolus in 
the supine and upright position according to the technique de- 
scribed by Russell et al.” A total transit time of less than 15 sec- 
onds was considered to be normal. 


Statistical Analysis 
The Kaplan-Meier method was used to evaluate the occur- 
rence of recurrent dysphagia and the incidence of postoperative 
gastroesophageal reflux. The paired t test was used to compare 


means. Statistical significance was designated at the .05 level. 
Values were expressed as mean+SD. 


RESULTS 


There was no operative mortality. Five esophageal 
mucosal tears were recognized intraoperatively and 
promptly repaired. There was one incidental splenic 
injury that required splenectomy (0.4%). 

Postoperative morbidity consisted of bleeding from the 
myotomy site in one patient and leakage at the gastrot- 
omy site after placement of the Foley catheter in another 
patient. Both patients required reoperation (0.9%). A 
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Fig 2.—Success rate of Heller’s myotomy and Dor fundoplication in 
the control of dysphagia (n= 206). The objective end point for anal- 
ysis was the need of subsequent dilation or reoperation. Numbers 
indicate patients at risk for each subsequent yearly interval . 
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Fig 4.— Sequential manometric measurements of the lower esoph- 
ageal sphincter (LES) pressure in a group of patients (n=25) who 
were followed up to 10 years. PRE indicates before operation. Val- 
ues given are mean+SD. 
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bleeding gastric stress ulcer occurred in two patients and 
was treated medically. The median hospital stay was 8 
days (range, 7 to 16 days). 

One hundred ninety-three patients entered the 
follow-up study, and 13 (6.3%) were unavailable for 
follow-up. The median follow-up was 64.5 months 
(range, 12 to 144 months). Six patients died during the 
follow-up period, five of whom died of unrelated disease 
25, 31, 39, 44, and 68 months from the time of the oper- 
ation. In one patient, a 61-year-old man with a 9-year his- 
tory of dysphagia before myotomy, an esophageal cancer 
infiltrating the trachea was discovered 26 months from the 
time of the operation. This patient died 3 months later 
while he was receiving chemotherapy. 

Clinical results of esophagomyotomy and Dor fun- 
doplication are summarized as follows: 


Result No. (%) of Patients 


Excellent (no dysphagia) 125 (64.8) 
Good (occasional dysphagia) 56 (29.0) 
Fair (frequent dysphagia) 5 (2.6) 
Poor (disabling dysphagia) 7 (3.6) 
Total 193 (100.0) 


Overall, as shown in the above tabulation, 125 patients 
(64.8%) had a marked improvement in their swallowing 
without dietary restrictions, whereas 56 (29.0%) com- 
plained of occasional dysphagia, and five (2.6%) com- 
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Fig 3.—Comparison of manometric measurements of the lower 
esophageal sphincter (LES) pressure before (PRE) and after (POST) 
operation. Values given are mean+SD. 
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Fig 5.—Comparison of manometric measurements of the lower 
esophageal sphincter (LES) length before (PRE) and after (POST) 
operation. Open bars indicate overall length; shaded bars, abdom- 
inal length. Values given are mean+SD. 


plained ef more frequent swallowing discomfort (these 
five patients required dietary adjustments or medical ad- 
vice). Severe dysphagia recurred in seven patients (3.6%), 
six of whom required pneumatic dilation for relief and one 
patient who underwent reoperation due to a paraesoph- 
ageal hernia (Fig 2). 

Late complications of the primary operation included 
incisional hernia in five patients (2.5%) and reflux esoph- 
agitis in-one (0.5%). 

Postoperative roentgenographic studies showed a sig- 
nificant reduction in the mean+SD diameter of the 
esophageal lumen, from 5.1+2.0 to 2.8+1.6 cm (P<.001). 
The gasæic air pocket reappeared in all patients. 

Esophageal manometry showed a statistically signifi- 
cant decrease of LES pressure and length over preopera- 
tive values (P<.001) (Figs 3 and 4). Analysis of subsequent 
manometric studies showed persistent values over time 
(Figs 5 and 6). No significant changes in the degree of LES 
relaxation occurred postoperatively. Return of peristaltic 
activity was noted in four patients. 

Twenty-four-hour esophageal pH monitoring, per- 
formed postoperatively, showed an abnormal esophageal 
acid exposure in seven patients (8.6%) (Fig 7). Of these, 
two were asymptomatic, and both had normal endoscopic 
results. Of the remaining five patients, who complained 
of persistent heartburn, one had erosive esophagitis, and 
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Fig 6.—Sequential manometric measurements of the lower esoph- 
ageal sphincter (LES) length in a group of patients (n = 25) who were 
followed up to 10 years. Open bars indicate overall length; shaded 
bars, abdominal length; and PRE, before operation. Values given are 
mean+SD. 
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Fig 7.— Success rate of Heller's myotomy and Dor fundoplication in 
the control of reflux (n=81). The objective end point for analysis 
was an abnormal esophageal acid exposure on 24-hour pH moni- 
toring. Numbers indicate patients at risk for each subsequent yearly 
interval. 


three had a duodenal ulcer without evidence of esoph- 
ageal inflammation. Of interest is that in four of the seven 
patients with documented gastroesophageal reflux, the 
cardia had been circumferentially dissected at operation. 
All symptomatic patients with abnormal gastroesoph- 
ageal reflux were successfully treated with H,-blockers. 

Esophageal transit scintigraphy showed a marked im- 
provement of esophageal transit time in the upright po- 
sition, although this did not return within the normal 
range. Preoperatively, the transit was clearly abnormal in 
all patients, with minimal radioactivity reaching the 
stomach within 60 seconds. Postoperatively, the 
mean+SD transit time was 25.8+11.3 seconds (P<.05) in 
the erect position, but no significant changes were ob- 
served in the supine position. 


COMMENT 


This study shows that esophagomyotomy, combined 
with Dor fundoplication through an abdominal approach, 
is a very safe and effective surgical procedure in the pri- 
mary treatment of esophageal achalasia. Our results 
demonstrate that satisfactory long-term relief of dyspha- 
gia can be achieved in about 94% of the patients who are 
followed up to 10 years. 

We noted a significant reduction of the diameter of the 
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esophageal lumen and the reappearance of the gastric air 
pocket on postoperative roentgenographic studies. In ad- 
dition, the resting pressure and length of the LES on ma- 
nometry showed a significant decrease after surgery, and 
these lower values persisted during 5 to 10 years of follow- 
up. These findings are in agreement with those from a re- 
cent report, and they demonstrate that the resistance to 
outflow from the esophagus decreased and remained sta- 
ble after myotomy. Another objective indicator of im- 
proved esophageal function in our patients was the in- 
creased esophageal emptying as measured by radionu- 
clide transit scintigraphy. The fact that a significant 
improvement was only observed in the upright position 
indicates that the esophagomyotomy does not cure the 
disease, but it is rather a palliative procedure. The func- 
tional abnormalities of the esophageal body persist post- 
operatively, since myotomy only reduces the hydrostatic 
pressure necessary to overcome the resistance of the LES. ù 

The extent of myotomy in the esophagus and in the 
stomach has long been a matter of controversy in the lit- 
erature. Concerning the proximal extent of the muscle in- 
cision, we advocate a transabdominal esophagomyotomy 
of about 8 cm in length from the cardia. In our experience, 
this approach has been proved to be safe and satisfactory 
even in the four patients whose preoperative manomet- 
ric pattern suggested vigorous achalasia. 

The distal extent of the myotomy is a very critical point. 
Some authorities suggest that a precise myotomy carried 
onto the stomach for 1 cm and less relieves dysphagia ef- 
fectively and does not cause reflux.* We believe that the 
myotomy should be extended up to 2 cm on the stomach 
to avoid the risk of leaving the esophageal obstruction 
unrelieved.!”'® This is supported by our experience in the 
management of 79 patients with recurrent symptoms af- 
ter esophagomyotomy, since an inadequate distal myot- 
omy was recognized as the cause of the failure in 47% of 
the patients. Often, the initial myotomy was too short 
downward, and the circular muscle layer had been left 
intact. These defects are probably due to fear of damag- 
ing the mucosa. 

Two additional factors are of paramount importance in 
performing the myotomy. First, the separation of the 
muscle edges over the half-anterior circumference of the 
esophagus must be accurate to prevent healing of the 
muscle incision; second, the hemostasis must be overzeal- 
ous since bleeding from the myotomy site can impair the 
results of the operation by late formation of periesoph- 
ageal scar tissue.” 

The incidence of objectively proved gastroesophageal 
reflux in our series was 8.6%. This figure is comparable 
with the average 7.4% incidence of reflux reported in the 
literature following transabdominal Heller’s myotomy 
combined with an antireflux repair.* It is important to 
emphasize, however, that we used a precise, objective 
end point to assess the incidence of surgically induced 
reflux in our series, ie, an increased esophageal acid ex- 
posure on 24-hour pH monitoring. Furthermore, only one 
of the seven patients with documented gastroesophageal 
reflux experienced esophagitis, and none of them had a 
peptic stricture. 

We believe that our operative technique can minimize 
the chances of inducing reflux, since care is taken to pre- 
serve the anatomical relationships at the esophagogastric 
junction, and no circumferential dissection of the esoph- 
agus is attempted. In addition, the partial fundoplication 
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provides further protection from reflux and represents an 
excellent patch over the denuded esophageal mucosa. 
Our postoperative functional studies have shown that 
pressure and length of the LES decrease to a point where 
reflux is satisfactorily controlled, and no excessive resis- 
tance is added to the aperistaltic esophagus. This is a 
common concern when a total fundoplication is per- 
formed, and it may represent a cause of persistent 
dysphagia that requires reoperation.2!* 

In conclusion, transabdominal Heller’s myotomy that 
incorporates a partial fundoplication and the above- 
described surgical principles is an effective and durable 
procedure, giving satisfactory relief of dysphagia and 
control of reflux in the long-term follow-up. Although the 
operation does not restore esophageal physiology to nor- 
mal, it brings immediate symptomatic relief and improves 
esophageal emptying in the erect position. The results of 
our study suggest that this operation can reasonably be 
considered an excellent initial treatment of achalasia, 
provided it is performed in referral centers with experi- 
ence in esophageal surgery. 
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Invited Commentary 


Professor Peracchia’s group in Padua, Italy, has had an ex- 
tensive experience with esophageal surgery in the treatment 
of esophageal achalasia that is well summarized in this arti- 
cle based on 206 patients who were operated on from 1976 to 
1989. They employed the abdominal approach, which is 
popular in Europe but which is less frequently employed in 
Great Britain and the United States. Andreollo and Earlham,’ 
in their exhaustive review of the published literature on 
esophagomyotomy for treatment of achalasia, have pointed 
out the potential disadvantages of this approach in terms of 
the resulting high incidence of reflux esophagitis thereafter. 
Fear of the development of this complication clearly has in- 
fluenced Bonavina and associates to employ an antireflux 
maneuver at the time of myotomy, and they wisely have 
chosen a partial wrap as exemplified by the Dor fundoplasty. 
I suspect that the reason reflux occurs more commonly after 
an abdominal esophagomyotomy alone than after a transtho- 
racic procedure is related to the fact that to mobilize sufficient 
esophagus transabdom:nally to incise adequately the mus- 
culature of the LES, the potential for extending the incision 
too far on the stomach, as well as the potential for the post- 
operative development of a hiatal hernia, is ever present; 
these circumstances do not exist when the operation is per- 
formed transthoracically where an antireflux maneuver is not 
required if a limited myotomy is performed. On the other 
hand, even if the operation is done transthoracically, reflux 
may occur if the hiatal attachments of the distal esophagus 
and cardia are destroyed to mobilize the cardia widely to fa- 
cilitate performance of a long myotomy, extending far onto 
the stomach. The University of Chicago group of Little and 
colleagues’ have clearly demonstrated that when a transtho- 
racic myotomy is done in this fashion, it is essential to per- 
form an antireflux maneuver, which, in their hands, was the 
Belsey Mark IV procecure. 

The success of the combined transabdominal procedure as 
described by the Padua group is well documented clinically, 
roentgenographically, and endoscopically and by esophageal 
motility in most of the patients during the follow-up period 
throughout 5 years. This represents a far more objective anal- 
ysis of the results of surgery for achalasia than is true of most 
other reports. The clinscal improvement rate of 94% is com- 
mendable indeed, and it is comparable with what others have 
reported for primary procedures.** Of particular interest is the 
experience with postoperative 24-hour pH monitoring that 
was performed in 81 patients, only seven (8.6%) of whom 
showed an abnormal esophageal acid exposure, thus adding 
important objective confirmation of the clinical improvement 
expressed by most of their patients postoperatively. 

The authors believe that a long incision onto the stom- 
ach is necessary to avoid an incomplete myotomy, and 
clearly, this is a potential disadvantage of the 
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transthoracic-limited myotomy that I personally prefer, 
since it is a procedure that is not accompanied by some of 
the potential disadvantages of an accompanying partial or 
total fundoplication. Between 1970 and 1991, my associates 
and I have performed 183 esophagomyotomies on 181 pa- 
tients with achalasia by the transthoracic route without an 
antireflux procedure. Only two patients required reopera- 
tion because of recurrent and/or persistent obstruction, 
and they were relieved of their symptoms by extension of 
the myotomy onto the stomach. The long-term results of 
some of these patients have been reviewed; 92% of those 
patients who underwent myotomy for the first time were 
improved by the operation, and the incidence of clinically 
important postoperative gastroesophageal reflux occurred 
in only three patients (4.4%).° 

It is obvious therefore that several techniques are available 
for the successful surgical management of patients with 
esophageal achalasia. The transabdominal approach with an 
accompanying antireflux maneuver is commonly employed 
by European surgeons and is best exemplified by the superb 
results reported in this article. A transthoracic approach with 
wide mobilization of the esophagus and cardia requires the 
performance of an associated antireflux procedure at the time 
of myotomy, and this combined procedure likewise can 
achieve excellent results, as can a limited transthoracic 
esophagomyotomy, minimizing the gastric extension of the 
incision without the need for performance of an antireflux 
maneuver. 

F. HENRY ELLIS, JR, MD 
Boston, Mass 
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Duplex Scans Before Subclavian Vein Catheterization 
Predict Unsuccessful Catheter Placement 


William D. Haire, MD; Thomas G. Lynch, MD; Robert P. Lieberman, MD; James A. Edney, MD 


e Subclavian catheterization in patients with cancer is as- 
sociated with up te a 38% incidence of subclavian vein 
thrombosis. These thrombi seldom recanalize. The persis- 
tent occlusion of the subclavian vein may hinder subsequent 
catheter placement. To determine the frequency of this oc- 
currence and to determine if preoperative duplex scanning 
could identify these individuals, we performed preoperative 
duplex scanning in 22 patients who had previously had an 
indwelling subclavian catheter for chemotherapy. Subse- 
quent subclavian vein catheterization was attempted with- 
out knowledge of the results of the duplex scan. Nineteen 
scans were normal. Of these, 18 patients underwent suc- 
cessful catheter placement. In one patient, catheterization 
was unsuccessful and an intraoperative venogram showed 
a focal obstruction of the proximal portion of the subclavian 
vein. Three scans showed noncompressibility of the vein, 
and catheter placement was unsuccessful in these three 
veins. In patients who have had previous subclavian cath- 
eters, persistent obstruction of the vein prevents subsequent 
catheter placement in 14%. Duplex scanning before subse- 
quent catheter placement generally identifies these indi- 
viduals. 
(Arch Surg. 1992;127:229-230) 


hein subclavian vein catheterization in patients 

with cancer is associated with up to a 38% incidence 
of subclavian vein thrombosis.'* Many of these thrombi 
are totally asymptomatic.** Their natural course is not 
well characterized, but there is evidence to suggest that 
recanalization with restoration of venous patency is rare.’ 
It is possible that these persistent obstructions may pre- 
vent subsequent catheter placement for administration of 
chemotherapy in the event of relapse of the malignant 
neoplasm. This has led to the recommendation that 
patients in this situation undergo venography before 
subsequent attempts at subclavian vein catheterization." 
To determine the frequency with which persistent venous 
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obstruction interferes with subsequent catheter place- 
ment and to determine if noninvasive testing could 
replace preoperative venography in these individuals, we 
conducted a prospective study of the ability of duplex 
scanning <o predict the inability to catheterize the subcla- 
vian vein successfully in patients with relapsed malignant 
neoplasms. 


PATIENTS AND METHODS 


All patients were seen because of bone marrow transplanta- 
tion after relapse of an underlying malignant neoplasm. Patients 
were identified by the marrow transplantation staff as having 
had a subdiavian catheter placed for administration of previous 
chemotherapy. These subjects were referred for preoperative 
duplex scanning. No subject was noted to have arm swelling or 
prominent collateral veins, suggestive of underlying venous ob- 
struction. 

Real-time B-mode imaging of the subclavian vein with simul- 
taneous pulsed Doppler flow velocity measurement was con- 
ducted with the patient in a supine position. The neck was ex- 
tended ard the head turned away from the side of the 
examination. The subclavian vein was evaluated in the longitu- 
dinal and transverse planes from the sternum to the axilla. The 
vein was identified by its relationship to the subclavian artery, 
and windows superior and inferior to the clavicle were employed 
to permit visualization of the entire length of the vessel. 

Imaging was accomplished with a sector scanner (Hoffrell 
model 518 SD, Hoffrel Instruments Inc, Norwalk, Conn) and a 
7.5-MHz probe to visualize the subclavian vein. A 5-MHz pulsed 
Doppler probe was used to assess venous flow characteristics. 

A study was defined as normal if the vein demonstrated both 
of the following characteristics: (1) the vein collapsed with deep 
inspiration and probe pressure and (2) the flow velocity was 
phasic and varied with respiration and/or atrial contraction. 

Catheters were placed percutaneously, as previously de- 
scribed.° Catheter placement was attempted without knowledge 
of the preoperative duplex scan findings. When catheters could 
not be advanced into the subclavian vein, intraoperative venog- 
raphy via an arm or hand vein was attempted to define the an- 
atomic location and extent of the occlusion. 


RESULTS 


A total of 22 patients underwent preoperative duplex 
scanning. Nineteen of the scans were normal, and three 
scans showed noncompressible veins by ultrasound with 
no detectable flow on Doppler studies. 

Of the 19 patients with normal preoperative scans, 18 
(95%) underwent successful catheter placement. In one 
patient, the catheter could not be advanced into the sub- 
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Venogram of the subclavian vein with a normal preoperative duplex 
scan that could not be successfully catheterized. Note the focal, 
high-grade stenosis of the proximal portion of the vein (arrow). 


clavian vein. An intraoperative venogram showed an oc- 
clusive lesion in the proximal portion of the subclavian 
vein (Figure). 

The three veins with evidence of obstruction on duplex 
scanning (noncompressibility and lack of Doppler- 
detectable flow) could not be successfully catheterized. 
Venographic confirmation of venous occlusion was ob- 
tained in two of these veins. Lack of venous access distal 
to the subclavian vein prevented venography in the third. 


COMMENT 


Venous obstruction prevented subsequent catheter 
placement in four (18%) of 22 patients with a history of 
subclavian vein catheterization. The obstructing lesions 
were probably the result of remote thrombosis related to 
previous subclavian catheter placement. This is similar to 
the experience of Axelsson and Efsen,> who found per- 
sistent venous obstruction in 26% of patients several 
months after removal of subclavian catheters and postu- 
lated that these lesions may interfere with subsequent 
catheter placement. We have found that these lesions do, 
indeed, prevent successful catheterization of the subcla- 
vian vein. Preoperative duplex scanning is helpful in de- 
tecting these lesions. Three of the four obstructed veins 
encountered in this study were detected by this noninva- 
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sive test. The one lesion not detected by duplex scannin; 
was a segmental occlusion of the proximal portion of th 
subclavian vein. This is an area not routinely visualized b' 
duplex scanning.”* Because of this anatomic limitation o 
duplex scanning, a normal preoperative study does no 
completely rule out the possibility of an unsuccessful at 
tempt at catheter placement. However, a normal preop 
erative scan predicted successful catheterization in 15 
(95%) cf 19 cases. 

For patients with a history of subclavian vein catheter. 
ization who require placement of a venous access device 
for administration of chemotherapy, preoperative duplex 
scanning of the subclavian veins should be performed. 
Catheterization should not be attempted in veins that are 
not compressible with probe pressure and have no flow 
detectable with a Doppler probe. If difficulty in catheter 
advancement is encountered in patients with normal 
preoperative scans, the possibility of an occlusion of the 
proximal portion of the subclavian vein exists. In this sit- 
uation, intraoperative venography may be helpful in de- 
fining the nature of the obstruction and planning alternate 
techniques of catheter placement.? In patients with ob- 
structec subclavian veins, placement of catheters in a 
patent jugular or contralateral subclavian vein or the in- 
ferior vena cava” is a therapeutic option to be considered. 
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Repair of Traumatic Rupture of the Aortic Valve 


Curtis D. Haskins, MD; Nadiv Shapira, MD; Ehsanur Rahman, MD; A. Jorge Serra, MD; 
Kathleen W. McNicholas, MD; Gerald M. Lemole, MD 


e Traumatic aortic valve rupture is a rare complication of 
nonpenetrating cardiac injury and can be caused by a tear 
or avulsion of the valve. The most common method of 
treatment has been valve replacement, although valve 
repair has been successful in a few cases of cusp tear or de- 
tachment. We report a case of aortic valve commissural 
avulsion in which a reparative technique was applied and 
the natural valve was preserved. 
(Arch Surg. 1992;127:231-232) 


A. insufficiency as a complication of blunt chest 
trauma can be due to avulsion of a cusp or a 
commissure as well as a tear of the cusp itself." Although 
the accepted surgical approach has been valve replace- 
ment, successful repair and preservation of the natural 
valve have been reported for correction of cusp detach- 
ment. We describe a successful repair of aortic valve in- 
sufficiency due to commissural avulsion. 


REPORT OF A CASE 


A healthy, 64-year-olc man was involved in an automobile ac- 
cident in which he was not wearing a seat belt and received blunt 
trauma to the abdomen and anterior chest wall. He was admit- 
ted to the hospital for observation for 2 days. During that time, 
there was no radiologic, electrocardiographic, or auscultatory 
evidence of trauma to the chest wall, lungs, or heart, and the 
patient was discharged. Seven days after the accident, the 
patient started to experience paroxysmal nocturnal and exer- 
tional dyspnea and was readmitted to the hospital. His heart rate 
was 100 beats per minute, and his blood pressure was 130/70 mm 
Hg. He was found to have a grade 2/6 aortic regurgitation mur- 
mur and an incomplete r:ght bundle branch block. A Doppler 
study revealed a moderately enlarged left atrium and 3+ aortic 
insufficiency. Aortic root dissection was ruled out by aortogra- 
phy. The patient was treated with digitalis, furosemide, and 
enalapril, with symptomatic improvement, and was discharged. 
Three weeks later, however, he was readmitted for exacerbation 
of the same symptoms. Cardiac catheterization revealed a 3+ 
aortic insufficiency and a left ventricular end-diastolic pressure 
of 34 mm Hg. The patient also was noted to have moderate left 
main and right coronary artery stenosis. 

Twenty-eight days after the accident, the patient underwent 
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Fig 1.—Avulsion of commissure between the right and noncoronary 
aortic valve cusps from the aortic wall (arrows) as seen through the 
opened aorta. 


surgery. The commissure between the right and noncoronary 
cusps of the aortic valve was found to be avulsed off the aortic 
wall (Fig 1). The rest of the valve was intact. The detached com- 
missure was resuspended by means of two 4-0 polypropylene 
(Prolene) horizontal mattress sutures pledgeted inside and out- 
side the aorta. The pledgets were placed on each side of the 
avulsed commissure (Fig 2). In addition, bypass grafts to the di- 
agonal, obtuse marginal, and left anterior descending coronary 
arteries were performed. 

Nine days after surgery and an uneventful recovery, the pa- 
tient was discharged. Postoperative echocardiography showed 
no aortic insufficiency. Six months later, the patient remained 
free of symptoms and in excellent health. 


COMMENT 


Involvement of the aortic valve in cardiac injury sec- 
ondary to nonpenetrating chest trauma is a rare occur- 
rence. Parmley and associates’ reviewed 546 necropsy 
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Fig 2.—Aortic valve repair with polytetrafluoroethylene (Teflon) 
pledgets. 


cases and found only four instances (0.73%) of aortic valve 
rupture. Even so, aortic valve injury is the valvular lesion 
observed most frequently in patients surviving nonpen- 
etrating cardiac injury. 

The mechanism of rupture of the aortic valve appears 
to be a sudden increase in intrathoracic pressure leading 
to a concomitant increase in intra-aortic pressure. Trau- 
matic rupture of the aortic valve has been demonstrated 
to occur in nondiseased cadavers and in dog models fol- 
lowing a steep increase in aortic pressure at levels rang- 
ing from 116 to 448 mm Hg.?° It has been postulated that 
the injury occurs when the ventricles are in early diastole, 
a time when the aortic valve is normally under maximal 
tension. The types of aortic valve injuries reported include 
avulsion of the commissures or cusps and tears of the 
leaflets." Usually only one cusp is damaged; the noncor- 
onary cusp appears to be involved most commonly (as in 
the case reported here), supporting the contention that 
the runoff into the coronary arterial system protects the 
corresponding leaflets by reducing the hydrostatic force 
against them.° 
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The cinical picture of aortic valve rupture may be a de 
layed presentation and involves chest pain, dyspnea 
new-orset aortic insufficiency murmur, and severe con 
gestive heart failure. The diagnosis is confirmed br 
angiography or Doppler echocardiography. Because thi 
prognosis for nonsurgically treated patients is grim, witl 
a mear survival of about 40 months,” the treatment o 
choice -s surgery. 

Valve replacement has been the most commonly usec 
methoc for correction of aortic insufficiency due to bluni 
chest t-auma.** However, there are a few reports ir 
which a traumatic tear or detachment of a cusp was 
repaired successfully.*>!> To the best of our knowledge, 
there aze no reported cases of commissural repair. Based 
on this case, in which an avulsed commissure was resus- 
pendec, we conclude that repair and preservation of the 
natural valve can be applied successfully to this type of 
injury as well, and should be considered to avoid the 
morbidity associated with prosthetic valves. 
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Adenoid Cystic Carcinoma of the Breast 


Rosemary Leeming, MD; Mark Jenkins, MD; Geoffrey Mendelsohn, MD 


e Adenoid cystic carcinoma of the breast is a rare neo- 
plasm, with only 140 cases having been reported to date. 
Data on 123 of these cases are reviewed herein and another 
case is presented in detail. Several features distinguish this 
type of breast cancer from more typical histologic types and 
suggest that it may have a unique tumor behavior. The 
prognosis appears to be favorable and the incidence of ax- 
illary lymph node involvement is lower. Distant metastases 
are uncommon, but they tend to occur without prior lymph 
node involvement. This lack of prognostic significance for 
negative axillary lymph nodes underscores the need for 
other prognostic markers in this disease and suggests that 
axillary dissection can be eliminated in most cases. Similar- 
ities to typical breast cancer include the incidence of local 
recurrence and the lack of effect of surgical treatment on 
distant metastases and overall survival. These data suggest 
that breast-conserving treatment may be applicable to ad- 
enoid cystic carcinoma. 
(Arch Surg. 1992;127:233-235) 


Aio cystic carcinoma of the breast is a rare neo- 
plasm, accounting for fewer than 1% of all breast 
carcinomas. Approximately 140 cases of adenoid cystic 
carcinoma of the breast have been reported in the litera- 
ture to date.?! Since the prognosis for this type of tumor 
is favorable and the clinical behavior unusual, the impor- 
tance of correctly diagnosing adenoid cystic carcinoma of 
the breast is clinically relevant. 

A review of our medical records revealed three cases of 
adenoid cystic carcinoma of the breast. This report de- 
scribes our most recent case in detail. The literature is re- 
viewed and recommendations are made regarding prog- 
nosis and treatment. 


REPORT OF A CASE 


A 47-year-old premenopausal woman was referred to her sur- 
geon for evaluation of abnormal mammography findings of the 
right breast. Her medical history included morbid obesity, 
insulin-dependent diabetes mellitus, and hypertension. She be- 
gan menarche at age 12 years and had never been pregnant. The 
mammogram showed a poorly delineated, irregularly margin- 
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ated, nodular density located inferiorly along the midline of the 
right breast. This finding was new, having been absent on a 
mammogram performed 17 months earlier. Physical examina- 
tion revealed no masses or changes in skin or nipple, and there 
was no abnormal adenopathy. 

The patient underwent a lumpectomy of the right breast after 
needle localization. The segment of breast tissue removed mea- 
sured 5X 3X2 cm and contained a firm, gritty, irregular, gray- 
tan mass measuring 1.5 cm in greatest dimension. Intraoperative 
cytologic and frozen-section analysis suggested the possibility of 
adenoid cystic carcinoma; this diagnosis was confirmed by per- 
manent histologic section. One week later, a right axillary 
dissection was performed, and 13 lymph nodes were negative 
for tumor. The patient did well after surgery except for a minor 
wound infection. She received adjuvant radiation therapy to the 
right breast in daily fractions of 2 Gy over 5 weeks for a total of 
50 Gy. She received no other adjuvant therapy and was well with 
no evidence of disease 12 months later. 

The tumor consisted of variably sized ovoid, stellate, and tra- 
becular nests of cells in a rather fibrous stroma (Fig 1). The tu- 
mor cells were compact and polyhedral to slightly fusiform. A 
focally prominent cribriform or cylindromatous pattern was 
present and many of the cribriform spaces contained an amor- 
phous, eosinophilic, periodic acid-Schiff—positive material typ- 
ical of adenoid cystic carcinoma (Fig 2). Immunocytochemical 
studies were positive for S100 protein and weakly positive for 
cytokeratin. Carcinoembryonic antigen and estrogen receptor 
stains were negative. 


COMMENT 


Adenoid cystic carcinoma of the breast is a rare neoplasm. 
The most extensive review was reported by Qizilbash et al" 
in 1977. They found 95 cases in the literature and described 
an additional two patients. Peters and Wolff? reported an 
additional 11 cases and Ro et al reviewed the tumor regis- 
try at the University of Texas M. D. Anderson Cancer Cen- 
ter and found another 12 cases. Several other reports of sin- 
gle cases and smaller series bring the total number of cases 
of adenoid cystic carcinoma of the breast reported in the lit- 
erature to 140.7261821 Data on 123 of these patients were 
available for analysis, and together with the patient de- 
scribed above form the basis of this review. The most fre- 
quent presenting symptom of adenoid cystic carcinoma of 
the breast is a dominant mass, which is occasionally tender 
to palpation.!*>"° It is uncommon for the tumor to be fixed 
to the overlying skin or nipple or to the pectoral muscles. The 
tumors are usually grossly circumscribed but typically ex- 
hibit microscopic invasion into the surrounding tissue." 

The histologic appearance of adenoid cystic carcinoma 
in the breast is similar to that occurring in other tissues, 
such as salivary glands, upper respiratory tract, and 
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Fig 1.— Histologic appearance of adenoid cystic carcinoma of the 
breast. Note the ovoid, trabecular, and irregularly shaped nests of 
tumor cells with a focally cribriform pattern. 


vulva. The cell of origin is obscure, with evidence of both 
ductal epithelial and myoepithelial cell derivation. Za- 
loudek et al" have suggested an origin froma pluripotent 
cell capable of both lines of differentiation. Positive stain- 
ing for S100 protein, negative staining for carcinoembry- 
onic antigen, and only focal, very weak staining for 
cytokeratin in our case indicate predominantly myoepi- 
thelial differentiation. 

Other breast carcinomas can be confused histopatho- 
logically with adenoid cystic carcinoma of the breast. This 
is especially true of cribriform intraductal carcinoma and 
invasive ductal carcinoma with a cribriform pattern. 5" In 
cases that have been evaluated for estrogen receptor sta- 
tus, most tumors have been negative. Only one case of 
estrogen receptor positivity has been reported, to our 
knowledge.” Estrogen receptors were negative in the pa- 
tient described in this report. The significance of this fea- 
ture of adenoid cystic carcinoma is unknown. 

A review of the literature suggests an excellent prog- 
nosis for patients with adenoid cystic carcinoma of the 
breast. While overall survival is difficult to determine, 
most patients seem to do well and only 10 cases of met- 
astatic disease have been documented.+911-13,15,17,18 While 
the reason for this favorable prognosis is unclear, it may 
be that certain biologic characteristics of adenoid cystic 
carcinoma are different from those of more common his- 
tologic types of breast cancer (ie, typical breast cancer). In 
addition to the better prognosis, there is a much lower 
incidence of axillary lymph node metastasis, with only 
three cases reported in the literature.!5182 One of these 
cases” was not confirmed histologically. Investigators 
have shown that patients with breast cancer with clini- 
cally negative axillary lymph nodes have approximately a 
40% incidence of histologically proven axillary me- 
tastases.* This is considerably higher than the 2.4% inci- 
dence of lymph node metastases reported in patients with 
adenoid cystic carcinoma of the breast. 

As with all types of breast cancer, treatment options for 
patients with adenoid cystic carcinoma of the breast have 
varied. Since adenoid cystic carcinoma is such a rare neo- 
plasm, it will be impossible to prospectively compare 
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Fig 2.— Nests of tumor in a fibrous stroma. The tumor cells are poly- 
hedral t slightly fusiform with rather hyperchromatic nuclei. Note 
the presence of variably sized cribriform spaces, many of which 
contain amorphous eosinophilic material (arrows). 


these cptions. Furthermore, one must be wary about ex- 
trapoleting data from large prospective trials made up 
primarily of patients with typical breast cancer to patients 
with adenoid cystic carcinoma, which may behave differ- 
ently. From this retrospective review, however, certain 
observations can be made. 

First, it is clear that there is much less prognostic 
significance of negative axillary lymph node metastases in 
these patients. Eight (80%) of 10 patients found to have 
distant metastatic disease in this study had no axillary 
lymph node involvement. A third case of axillary me- 
tastases and distant metastatic disease has been reported, 
but it not considered to be a case of true adenoid cystic 
carcinema.’” It seems apparent that we must find other 
prognostic determinants to use in this disease. It has been 
suggested that the histologic grade of the tumor, based on 
the system used for adenoid cystic carcinoma of the sal- 
ivary glands, is prognostic and should be used to guide 
treatment options.” Unfortunately, this observation is 
based dn a small number of cases and its accuracy cannot 
be fully evaluated. Certainly, nuclear grade is known to 
be an mportant prognostic determinant in typical breast 
cancer.‘ and both these features should be evaluated fur- 
ther in these patients. 

A second observation from this analysis pertains to the 
incidence of tumor recurrence following excision alone. 
Nine (37.5%) of 24 patients undergoing excision alone had 
a local recurrence and this incidence is similar to that re- 
ported by Fisher et al” in patients with typical breast can- 
cer undergoing lumpectomy alone. Two additional pa- 
tients were described by Zaloudek et al” as having local 
recurrence; on further review of the original report,’ this 
cannot be confirmed. Only two of these patients devel- 
oped cistant metastases’ and one was found later to have 
axillary lymph node metastases.” Thus, the incidence of 
distant metastases following local excision of adenoid 
cystic carcinoma was 8.3%, which is similar to that 
following mastectomy (8.1%). These findings suggest that 
local treatment has little impact on the development of 
metastatic disease or overall survival. Again, this is con- 
sistent with prospective data previously published by 
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Fisher et al” and supports the alternate theory of breast 
cancer biology rather than the halstedian theory.” 

Adenoid cystic carcinoma of the breast is a rare neo- 
plasm with certain histopathologic and biologic charac- 
teristics that distinguish it from more common forms of 
breast cancer. While prospective data do not exist to sup- 
port one treatment option over another for this disease, 
it is similar to typical breast cancer both in terms of local 
recurrence as well as in the lack of effect of local treatment 
on the development of distant disease. These data suggest 
that breast-conserving treatments may be applicable. It 
remains to be seen whether postoperative radiation ther- 
apy can reduce the incidence of local recurrence in this 
subtype of breast cancer as it does for more common his- 
tologic types; retrospective data do not suggest why it 
would not be as effective. 

Since the information gained from axillary lymph node 
dissection is less valuable in these patients and the inci- 
dence of axillary metastases is so low, it may be appropri- 
ate to eliminate this part of the staging procedure unless 
clinically suspicious lymph nodes are present. Finally, it 
is imperative that newer prognostic determinants be 
evaluated in these patients since, at present, there does 
not appear to be a way of predicting patients who may 
benefit from systemic adjuvant therapy. 
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Skin and Skin-Structure Infections, including those associated with postoperative 
wounds, ulcers and burns caused by Escherichia coli, Proteus mirabilis, Serratia 
marcescens, Enterobacter species, Pseedomonas aeruginosa, Klebsiella pneumoniae, 
and Citrobacter species*. intra-abdominal Infections, including peritonitis caused by 
Escherichia coli, Klebsiella species, including K. pneumoniae, Enterobacter species in- 
cluding E. cloacae*, Pseudomonas aeraginosa, Citrobacter species* including C. fre- 
undii* and Serratia species* including S. marcescens*. Gynecologic Infections, 
including endometritis and pelvic cellulit's caused by Escherichia coli, Klebsiella pneu- 
moniae*, Enterobacter species* including E. cloacae* and Proteus mirabilis*. 

AZACTANM is indicated for adjunctive therapy to surgery in the management of in- 
fections caused by susceptible organisms, including abscesses, infections compli- 
cating hollow viscus perforations, cutaneous infections and infections of serous 
Surfaces. AZACTAM is effective against most of the commonly encountered gram- 
negative aerobic pathogens seen in general surgery. 


Concurrent Therapy- Concurrent initial therapy with other antimicrobial agents and 
AZACTAM is recommended before the causative organism(s) is known in seriously 
ill patients who are also at risk of having an infection due to gram-positive aerobic 
pathogens. If anaerobic organisms are also suspected, therapy should be initiated 
using an anti-anaerobic agent concurrently with AZACTAM. Certain antibiotics (e.g., 
cefoxitin, imipenem) may induce high levels of beta-lactamase in vitro in some gram- 
negative aerobes such as Enterobacter and Pseudomonas species, resulting in an- 
tagonism to many beta-lactam antibioties including aztreonam. These in vitro findings 
Suggest that such beta-lactamase inducing antibiotics not be used concurrently 
with aztreonam. Following identification and Susceptibility testing, appropriate an- 
tibiotic therapy should be continued. 


CONTRAINDICATIONS-Aztreonam is contraindicated in patients with known allergy 
to this antibiotic. 


WARNINGS-Pseudomembranous colitis has been reported with nearly all anti- 
bacterial agents, including aztreonam, and may range in severity from mild to life- 
threatening. Therefore, It is importan: to consider this diagnosis in patients who 
present with diarrhea subsequent to the administration of antibacterial agents. 

Treatment with antibacterial agents alters the normal flora of the colon and may 
permit overgrowth of clostridia. Studies indicate that a toxin produced by Clostridium 
difficile is one primary cause of “antibiotic-associated colitis.” 

After the diagnosis of pseudomembranous colitis has been established, therapeutic 
measures should be initiated. Mild cases of pseudomembranous colitis usually re- 
spond to drug discontinuation alone. In moderate to severe cases, consideration should 
be given to management with fluids and electrolytes, protein supplementation, and treat- 
ment with an oral antibacterial drug effective against C. difficile (e.g., vancomycin). 





*Efficacy for this organism in this organ system was studied in fewer than ten infections. 


® 


Careful inquiry should be made for a history of hypersensitivity reaction to any a 
tibiotic orother drugs. Antibiotics should be given with caution to any patient wt 
has had some form of allergy, particularly to drugs. It is recommended that patien 
who havethad immediate hypersensitivity reactions (e.g., anaphylactic or urticarie 
to penicillins and/or cephalosporins should be followed with special care. If an ¢ 
lergic reaction to aztreonam occurs, discontinue the drug and institute supportiy 
treatments appropriate (e.g., maintenance of ventilation, pressor amines, antihi 
tamines, corticosteroids). Serious hypersensitivity reactions may require epinephrir 
and othememergency measures. 


PRECAUTIONS-General: In patients with impaired hepatic or renal function, appr 
priate monitoring is recommended during therapy. If an aminoglycoside is used cot 
currently with aztreonam, especially if high dosages of the former are used or 
therapy is prolonged, renal function should be monitored because of the potenti 
nephrotoxicity and ototoxicity of aminoglycoside antibiotics. The use of antibiotic 
may promote the overgrowth of nonsusceptible organisms, including gram-positiv 
organismsand fungi. Should superinfection occur during therapy, appropriate measure 
should betaken. 


Carcinogenesis, Mutagenesis, Impairment of Fertility-Carcinogenicity studies i 
animals have not been performed. Genetic toxicology studies performed in vivo ani 
in vitro with aztreonam in several standard laboratory models revealed no evidenc 
of mutagenic potential at the chromosomal or gene level. Two-generation reproductio: 
Studies in rats at daily doses up to 20 times the maximum recommended humai 
dose, pricr to and during gestation and lactation, revealed no evidence of impaire: 
fertility. There was a slightly reduced survival rate during the lactation period in thi 
offspring of rats that received the highest dosage, but not in offspring of rats that re 
ceived five times the maximum recommended human dose. 


Pregnancy-Pregnancy Category B: Aztreonam crosses the placenta and enters thi 
fetal circuztion. Studies in pregnant rats and rabbits, with daily doses up to 15 and! 
times, respectively, the maximum recommended human dose, revealed no evidenci 
of embryc- or fetotoxicity or teratogenicity. No drug induced changes were seen ir 
any of thesnaternal, fetal or neonatal parameters that were monitored in rats receiving 
15 times the maximum recommended human dose of aztreonam during late gestatior 
and lactation. There are no adequate and well-controlled studies in pregnant women 
Because animal reproduction studies are not always predictive of human response 
aztreonam should be used during pregnancy only if Clearly needed. 


Nursing Mothers-Aztreonam is excreted in breast milk in concentrations that are 
less than 1% of concentrations determined in simultaneously obtained maternal 
serum; consideration should be given to temporary discontinuation of nursing and 
use of formula feedings. 


Pediatric Wse-Safety and effectiveness have not been established in infants and children. 


ADVERSE REACTIONS-Local reactions such as phlebitis/thrombophlebitis following 
IV administration, and discomfort/swelling at the injection site following IM admin- 
istration cocurred at rates of approximately 1.9% and 2.4%, respectively. Systemic 
reactions considered to be related to therapy or of uncertain etiology) occurring at an 
incidencesof 1 to 1.3% include diarrhea, nausea and/or vomiting, and rash. Reactions 
occurringaat an incidence of less than 1% are listed within each body system in order 
of decreasing severity: Hypersensitivity-anaphylaxis, angioedema, bronchospasm. 
Hematologic—pancytopenia, neutropenia, thrombocytopenia, anemia, leukocytosis, 
thrombocytosis. Gastrointestinal-abdominal cramps; rare cases of C. difficile-associated 
diarrhea, including pseudomembranous colitis, or gastrointestinal bleeding have been 
reported. Dnset of pseudomembranous colitis symptoms may occur during or after 
antibiotic ‘reatment (see WARNINGS). Dermatologic-purpura, erythema multiforme, 
urticaria, exfoliative dermatitis, petechiae, pruritus, diaphoresis. Cardiovascular-hypo- 
tension, teansient ECG changes (ventricular bigeminy and PVC). Respiratory-one 
patient experienced flushing, chest pain, and dyspnea. Hepatobiliary—hepatitis, 
jaundice. Nervous System-seizure, confusion, vertigo, paresthesia, insomnia, dizzi- 
ness. Musculoskeleta/-muscular aches. Special Senses-tinnitus, diplopia, mouth ulcer, 
altered taste, numb tongue, sneezing and nasal congestion, halitosis. Other—vaginal 
candidiasis, vaginitis, breast tenderness. Body as a Whole-weakness, headache, 
fever, mataise. 


Adverse _aboratory Changes-Those reported without regard to drug relationship 
during clinical trials were: Hepatic-elevations of AST (SGOT), ALT (SGPT), and alkaline 
phosphatase; signs or symptoms of hepatobiliary dysfunction occurred in less than 1% 
of recipients (see above). Hemic-increases in prothrombin and partial thromboplastin 
times, eosinophilia, positive Coombs test. Rena/-increases in serum creatinine. 


OVERDOSAGE-'f necessary, aztreonam may be cleared from the serum by hemo- 
dialysis amd/or peritoneal dialysis. 


DOSAGE AND ADMINISTRATION-Dosage adjustments are recommended for pa- 
tients with impaired renal function. In elderly patients, estimates of creatinine clearance 
should be-obtained and appropriate dosage modifications made if necessary. 


HOW SUPPLIED-AZACTAM For Injection (Aztreonam For Injection)—Lyophilized-is 
supplied in single-dose 15 mL vials containing 500 mg, or 1 g/vial; in single-dose 
30 mL viæs containing 2 g/vial; and in single-dose 100 mL intravenous infusion bot- 
tles containing 500 mg or 1 g or 2 g/bottle. 


Consult package insert before prescribing AZACTAM (aztreonam). (J4-231E) 


References: 1. Data on file, Squibb /nstitute for Medical Research. 2. Saxon A, Beall GN, Roar AS, et al: Immediate hypersensitivity reactions to beta-lactam 


antibiotics. Ann Intern Med 107:204-215, 1987. 
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The Decline of the 
History of Surgery 


To the Editor.—In his article’ in the 
August 1991 issue of the ARCHIVES, 
Rutkow bemoans the diminished role 
of the historical process in the edu- 
cation of modern surgeons. While 
great value may be derived from the 
study of the history of medicine and 
surgery, Rutkow failed to explore the 
intellectual causes and consequences 
of the clinician’s lack of interest in the 
history of the field. 

The antiliterary trend gripping 
America has been many decades in 
gestation; that it now threatens med- 
icine does not surprise. Specializa- 
tion and reductionism, necessary ad- 
juncts of the scientific method, are 
centrifugal as well as centripetal 
forces. Compare the secondary, col- 
legiate, and graduate curricula of to- 
day with those of a half century ago. 
While the explosion of knowledge has 
led to division, specialization and 
compartmentalization have com- 
pounded the trend. The competing 
aims of many branches of knowledge 
have led to an educational smorgas- 
bord. Breadth rather than depth rules 
the day. 

Unfettered diversity has also led to 
social conflict. To conceive of a cur- 
riculum at all these days is to see a 
patchwork of deconstruction and frag- 
mentation, not of education or con- 
sensus. While there is no one true set 
of texts and concepts, the rapidity 
with which educators and institutions 
are jettisoning older principles for the 
unproven patina of competing phi- 
losophies and cultural myths under- 
scores the antihistorical strain of the 
modern American intellect. Adoption 
of the newest theory, technology, or 
fad because of its novelty —an Amer- 
ican intellectual tradition—carries 
with it the antihistorical tendency to 
brand all superceded forms as super- 
flous and unworthy of study, emu- 
lation, or use. 

Physicians and surgeons are a prod- 
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uct of this educational and intellec- 
tual system. Indeed, it may be fair to 
say that they are the apotheosis of 
the system. Most physicians prepare 
for medicine starting in the late teen- 
age years through a process that, in 
some quarters, is considered anti-in- 
tellectual at best. Rote memorization 
of formulas, reactions, equations; re- 
gurgitation of facts and figures; spe- 
cialized preparations for specific test- 
ing materials: this is the average phy- 
sician’s pedagogic foundation and in- 
troduction to academic life. It is 
unlikely that anyone with an educa- 
tional legacy so formulaic and shal- 
low would develop an interest in, 
much less the tools necessary for, his- 
torical inquiry. 

The consequences of the demise of 
the historical method are twofold. 
First, physicians deprive themselves 
of an understanding of the scientific 
method. Just as biologic systems 
evolve, so science and medicine 
change, develop, grow, and become 
obsolete. While change does not im- 
ply progress, improvementin human 
understanding of nature and our place 
in it compels us to study what was, 
even as we seek to know what is. 
Although knowledge of the past may 
not enlighten, inform, or even enter- 
tain, it remains the consummation of 
our comprehension of today. 

The present, like the past, is acom- 
plex weave of competing interests. 
Science and medicine do not exist in 
a vacuum. As Rutkow noted, sur- 
gery can be understood only in the 
context of the society that shapes and 
molds it still. Surgery and medicine 
are disciplines designed, within the 
framework of the public good, to al- 
low physicians to mend the broken, 
vivify the fatigued, preserve and pro- 
tect the healthy, and ameliorate the 
lives of the incurable. The historical 
view should inspire physicians to 
reach beyond themselves. The thrill 
of discovery transcends self-edifica- 
tion; rather, it enlivens and quickens 
the social interest. If pursuit of the 
surgical past is waning, it derives, in 


part, from the concomitant diminu- 
tion of our attention to the common- 
weal. 
ROBERT J. WEIL, MD 
Norristown, Pa 


1. Rutkow IM. The value of surgical 
history. Arch Surg. 1991 :126:953-956. 


In Reply.—Dr Weil’s erudite letter 
demonstrates a clear understanding 
of the intellectual causes and ultimate 
consequences of a surgeon’s lack of 
interest in the history of his or her 
profession. Although it was never my 
intent to expound on the root causes 
of what many regard as an “antihis- 
torical and anti-intellectual” attitude 
in surgery, Dr Weil has adequately 
summed some of my beliefs. I sur- 
mise from his comments that we both 
believe a deficiency of humanism in 
medicine to be among the overriding 
reasons why society looks ever 
askance at the physician. In turn, the 
physician’s inability to appreciate his 
or her avocation in the context of a 
constantly changing society leads to 
increasing professional frustations. In 
the final analysis, we must be always 
diligent in searching for our glorious 
past because only this will allow med- 
icine to continue as the most scien- 
tific of the humanities and remain the 
most humane of the sciences. 
IRA M. RuTKOW, MD, DRPH 
Marlboro, NJ 


Indications for Surgical 
Débridement 


To the Editor. —When we read the ar- 
ticle by Basadre and Parry’ in the Jan- 
uary 1991 issue of the ARCHIVES, we 
were unsure of the exact surgical tech- 
nique used in “surgical débridement” 
in the description of their cases. 
The term débridement has evolved 
from the French language, in which 
it means “to remove constriction by 
incision.” However, Dorland’s Illus- 
trated Medical Dictionary’ defines dé- 
bridement as “the removal of foreign 
material and devitalized or contam- 
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inated tissue from or adjacent to a 
traumatic or infected lesion until sur- 
rounding healthy tissue is exposed.” 
Most American surgeons use the term 
to mean roughly what Dorland’s sug- 
gests: basically a wound excision vs a 
wound incision implied in the French 
definition. 

Basadre and Parry! recommend 
“operative débridement” for patients 
presenting 7 days after injury, and 
reported “negative surgical explora- 
tion” when no pus was found. This 
description seems quite close to the 
original French meaning (wound in- 
cision), primarily relieving pressure 
and providing drainage. However, we 
would like to know if the authors’ basic 
technique was incision to explore and 
relieve pressure or an excision of the 
wound with margins of healthy tissue 
or, perhaps, something else. 

To avoid confusing the reader, sci- 
entific and medical writing should be 
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ARCHIVES OF NEUROLOGY 


Vegetative State After Closed-Head Injury: A Traumatic Coma 
Data Bank Report 


Harvey S. Levin, PhD; Chris 
Mary Foulkes, PhD; Lawren 
John A. Jane, MD; Anthony Marmarou, PhD 


To elucidate the clinical course of the vegetative state after severe closed-head 
injury, the Traumatic Coma Data Bank was analyzed for outcome at the time of 
discharge from the hospital and after follow- 
ter injury. Of 650 patients with closed-head 
were discharged in a vegetative state. In co 
tients in a vegetative state sustained mor 
by the Glasgow Coma Scale scores and pu 
diffuse injury complicated by swelling or shift in midline structures. Of 84 patients 
in a vegetative state who provided follow-up data, 41% 
months, 52% regained consciousness by 1 year, and 58% r 
up interval. A logistic regression failed to identify predic- 
he vegetative state. (Arch Neurol. 1991;48:580-585). 


gery D-23, The University of Texas Medical 


within the 3-year follow- 
tors of recovery from t 


Reprint requests to the Division of Neurosur 
Branch, Galveston, TX 77550 (Dr Levin). 


specific and precise. Because débride- 
ment is a term that has evolved from 
the French and has changed in the 
process, it can mislead the reader. 
The terms incision and excision might 
prove better choices as they very ef- 
fectively describe and distirguish be- 
tween the two surgical techniques.‘ 
COL MARTIN L. FACELER, 
MC, USA (Ret) 
Gainesville, Fla 
MAJ JOHN M. UHORCHAK, 
MC, USA 
West Point, NY 
CPT PAUL J. DOUGHERTY, 
MC, USA 
Presidio of San Francisco, Calif 


1. Basadre JO, Parry SW. indications 
for surgical débridement in 125 human 
bites to the hand. Arch Surg. 1991; 
126:65-67. 

2. Girard D, DuLong G, Van Oss O, 
Guiness C, eds. Cassells Freach Dictio- 
nary. New York, NY: Macmillan Publish- 


In Other AMA Journals 


ty Saydjari; Howard M. Eisenberg, MD; 
ce F. Marshall, MD; Ronald M. Ruff, PhD; 


up intervals ranging up to 3 years af- 
injury available for analysis, 93 (14%) 
mparisen with conscious survivors, pa- 
e severe closed-head injury as reflected 
pillary findings and more frequently had 


became conscious by 6 
ecovered consciousness 


ing Co Inc; 1981:222. 

3. Taylor EJ, ed. Dorland’s Illustrate 
Medical Dictionary. 27th ed. Philadelphi 
Pa: WB Saunders Co; 1988:434. 

4. Fackler ML, Breteau JPL, Courbil L) 
Taxit R, Glas J, Fievet JP. Open woun! 
drainage versus wound excision in treat 
ing the modern assault rifle wound. Su 
gery. 1989;105:576-584. 


In Reply.— The comments by Fackle 
et al regarding the terminology o 
surgical débridement were well re 
ceived. We agree that our use of the 
term surgical débridement may indeec 
be confusing. In our study we de 
fined débridement as surgical exci 
sion of devitalized/contaminated tis: 
sue and not simply wound incision 
Our excision of tissue was extendec 
to healthy adjacent tissue. 

JESSE O. BASADRE, MD 

Miami, Fla 

SAMUEL W. PARRY, MD 

New Orleans, La 
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Decision Making in 
Surgical Sepsis 


By Ronald Lee Nichols, Newton E. Hys- 
lop Jr, and John G. Bartlett, 389 pp, 
$59.50, Philadelphia, Pa, BC Decker Inc, 
1991. 

Surgeons are confronted with a di- 
verse array of clinical problems that 
must be solved quickły and decisively. 
This unusual textbook is a valuable 
source of quick, clear, and concise in- 
formation concerningessentially every 
problem related to surgical infections. 
Each of 125 chapters uses only a few 
pages to present a defined topic in an 
algorithm (“decision tree” or “flow di- 
agram”) format. Each algorithm is ac- 
companied with a short text explaining 
each of the branches on the decision 
tree. In addition, each chapter contains 
two to seven key references, permit- 
ting easy access to additional informa- 
tion. Examples of specific topics/ 
chapters include: fever in the postop- 
erative period, antibiotic prophylaxis 
in specific surgical procedures, diabe- 
tes in foot ulcers, adverse reactions to 
antibiotics, infected aneurysms, burn 
wound sepsis, and needle-stick inju- 
ries. The reader can select a clinical 
problem and quickly look up the diag- 
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nostic and therapeutic modalities 
available for solving that problem. Pro- 
phylaxis, diagnosis, and treatment are 
presented in depth, yet clearly and 
concisely in the algorithm format. 

As a microbiologist, I found that 
specimen selection, specimen collec- 
tion, and interpretation of microbio- 
logical tests are described in a schol- 
arly, up-to-date manner. For example, 
both the potential utility and potential 
futility of sputum cultures are clearly 
explained, and recent information con- 
cerning the interactions of the haman 
immunodeficiency virus with infec- 
tious processes is also described. 
Newer therapies and procedures are 
included where appropriate, such as 
treatment of septic shock using passive 
immunization with antibody against 
the lipid A region of endotoxin. The 
primary authors are widely recognized 
experts in surgical infectious disease 
and generously contribute their exper- 
tise to many of the chapters in this 
book. These three authors have assem- 
bled an impressive list of 42 additional 
authors, permitting authoritative cov- 
erage of diverse topics. 

The only negative point that might 
be made is that the algorithm format 
tends to preclude discussion of con- 


troversies. For example, hyperbaric 
oxygen is recommended for treatment 
of some anaerobic soft-tissue infec- 
tions. However, a review of the lit- 
erature indicates that hyperbaric ox- 
ygen therapy remains controversial. 
This shortcoming is minor and does 
not affect the value of the book as a 
ready source of practical information 
for the diagnosis and treatment of 
nearly all aspects of surgical infec- 
tions. The scope of the book is broad, 
and most topics in infectious disease 
appear to be covered, not only those 
specifically associated with surgical 
infections. For example, there are 
chapters devoted to tetanus, rabies, 
tuberculosis, acute infectious diar- 
rhea, sexually transmitted diseases, 
septic arthritis, influenza vaccination, 
and community-acquired pneumo- 
nia. Thus, this book is a valuable ref- 
erence for clinicians interested in the 
spectrum of infectious diseases, not 
only those problems specifically as- 
sociated with surgical infections. This 
practical textbook would be a valu- 
able addition to any hospital station, 
physician's office, medical library, or 
personal library. 
CAROL L. WELLS, PHD 
Minneapolis, Minn 
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CALIFORNIA COASTAL COMMUNITY — Multi- 
specialty group of 57 physicians has an opening for 
a general surgeon to join an expanding, busy, group 
practice. This opportunity is located im a moderate 
sized city with sunny beaches and excellent opportu- 
nities for outdoor activities, 25 miles south of Santa 
Barbara and 60 miles north of Los Angeles. Com- 
pensation is competitive. Fringe benevits are excel- 
lent. Shareholdership possible after one year. For 
information, contact: Barbara Topping, 3uenaventura 
Medical Clinic, 2705 Loma Vista Roac, Ventura CA 
93003. 


JOIN US IN SOUTH DAKOTA. We are a successful 
group who enjoy our work and patients. We practice 
high quality medicine in an environment with no 
HMO's, low malpractice, and no state income tax. 
You are a BC/BE practicing surgeon or resident 
who wants a broad practice. You car do vascular, 
thoracic, surgical endoscopy, and laparoscopy and 
be free from large city “turf wars” in a wonderfully 
outfitted regional hospital. You want frendly people, 
good schools, easy lifestyle, and high income. Call 
or write: Robert Hohm, MD, Tschette-Hohm Clinic, 
455 Kansas Southeast, Huron, SD 57350. (605) 
352-8767. 
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_ Professional Opportunities 


DELTA, COLORADO is a beautiful southwestern 
Colorado community nestled between Grand Mesa, 
the largest flat-top mountain in the world, and Black 
Canyon to the south. The general surgeon can step 
into an established practice supported by an excel- 
lent 49-bed hospital. Please send your CV to: Bill 
Norris, Director of Regional Physician Services, 
Presbyterian Healthcare Services, P.O. Box 26666, 
Albuquerque, NM 87125. Or call: (505) 260-6320 to 
discuss practice details and guarantee. 


VASCULAR SURGEON: BC/BE recently trained 
(university program preferred) for mixed vascular 
and general surgery group practice in San Francis- 
co. Send CV and availability to: A. Aronow, MD, 45 
Castro Street, San Francisco, CA 94114. 


JOIN VERY SUCCESSFUL and respected surgeon 
in partnership serving three excellent hospitals with- 
in a 15 mile radius in southern Illinois. Practice 
located in a progressive hospital, in a nice commu- 
nity with a strong industrial employment base, only 
fifty minutes from St. Louis. Enjoy a salary of 
$120,000 to $140,000 annually, generous incentive 
bonus, paid office expenses, paid malpractice, life, 
health, and disability insurances, pension, and 
deferred compensation plans. Send CV or call: 
Robert Turnage, Jackson and Coker, Inc., 115 
Perimeter Center Place, Suite 380 20005, Atlanta, 
GA 30346. Telephone: (800) 544-1987. 











Explore the resources and technology of a leading force in the 


healthcare industry: 


® Southern California locations 


@ Freedom to focus 09 your surgical skills 


® Relief from business and administrative duties 


® Predictable hours, guaranteed practice, excellent salary and 
benefits including paid malpractice 


Send your CV to: Irwin P. Goldstein, MD, Associate Medical 
Director, SCPMG Dept. 042, Walnut Center, Pasadena, 


CA 91188-8013. 


1-800-541-7946 
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GENERAL SURGEONS neeced for Georgia, Ken- 
tucky, Missouri, Tennessee, Texas, Wisconsin. Vari- 
ety of practice settings. Mediline, 210 25th Avenue 
North, Suite 621, Nashville, TN 37203. (800) 264- 
1910. 


Why waste ~ 
another second? 


\cĶ 
Need General Surgery Coverage? \ 
Let Jackson and Coker's Locum \ 
Tenens Division provide the answer 
to all vour staffing needs... Vocations, 
illnesses. retirements. CMES or coverage 
While vou recruit a permanent physician, 
For shon or long term coverage call 


1-800-272-2707 ext. 61 toca and 





Professional Opportunities 


SURGICAL ONCOLOGIST - Adirondack, Lake 
Champlain region, New York: Opportunity to join a 
general surgeon offering a generous salary and 
benefits leading to partnership in the second year. 
Champlain Valley Physicians Hospital Medical Cen- 
ter, a 420-bed hospital, has a new regional cancer 
center which offers a variety of interestimg case- 
loads. Plattsburgh, a college community of 40,000, 
offers extraordinary family environment in combina- 
tion with a variety of recreational opportunities cen- 
tered on Lake Champlain, the Olympic Lake Placid 
region and Montreal. For more details please con- 
tact: Hannah Hanford, Box 1656, Plattsburgh, NY 
12901. (518) 643-2998. 


NORTHERN VIRGINIA — BC/BE general surgeon 
with vascular experience to join two surgeons in 
practice of general, vascular, thoracic surgery in 
northern Virginia suburbs of Washington, DC. Bene- 
fits and salary leading to partnership. Send CV to: 
Surgical Associates of NOVA, 2296 Opitz Boule- 
vard, #260, Woodbridge, VA 22191. 








Group, associate and solo opportunities are available in a 


Humana has 





the right locations. 


variety of settings. Here are a few to pick from 


let our professional staff go to 
work for vou. 


ATTENTION PHYSICIAN RECRUITERS. The "Clas- 
sified Advertising” sections now in all nine AMA Spe- 
cialty Journals target the physician you want. These 
EJ | highly visible sections put your message in the hands 

f- i %4 of every specialist that qualifies for your professional 
opportunity, every month. To place the ad of your 
choice, any size, call toll free: (800) 237-9851; Local 
(813) 443-7666. 


JACKSON 
ANU COKER 
GENERAL SURGEON with special interest in surgi- 
cal oncology needed to join well established surgeon 


a in coastal Florida community. BC/BE required. Guar- 
GENERAL/VASCULAR surgeon BC/BE to join busy anteed salary first year. Desire partnership by sec- 


two person practice affiliated with a 600-bed fully 
accredited teaching hospital n northwest New Jer- ond year. Send CV to: Box #939, c/o AOS. 


sey. Must have one year vascular fellowship. Excel- PLEASE NOTE — Address replies to box number 
lent professional situation wth sound financial ads as follows: Box number clo AOS, 


opportunity in a beautiful suburban area 35 miles po Box 1510. Clearwater, FL 34617. 


from New York City. Box #937, c/o AOS. 


Winthrop-University Hospital, a pace-setting 569-bed major teaching 
hospital affiliated with SUNY Stony Brook School of Medicine, offers an 
exceptional full time opportunity to influence future clinical and academic 
accomplishment. 


115 Perimeter Center Phice Suite WARS? Akina, Georgia 30546 















= DEPART 





As Chairperson of cur Department of Surgery you will be responsible for the 
direction of an active inpatient service as well as a newly-constructed 
ambulatory surgical center. Chairperson will also direct and motivate 
ongoing research programs of the Department and collaborate with the 
Chairman of the Department of Surgery at Stony Brook. Supervision of 
departmental Q.A. activities and surgical residency, surgical junior 
clerkships and subinternship, and other academic/continuing education 
programs will be part of this visible role. 


Candidates must have outstanding leadership, clinical and teaching skills, a 
proven record of academic accomplishments, and ‘aed for a faculty 
appointment at the Associate Professor or Professor level. 


We offer an excellent commensurate compensation and benefits program 
along with a personally and professionally enriching lifestyle on Long Island 
about 30 minutes from Manhattan. For immediate consideration, pane 
curriculum vitae to: John F. Aloia, M.D., Professor of Medicine, Chairman, 
Surgical Search Committee, Winthrop-University Hospital, 259 First 
Street, Mineola, LI, NY 11501. 


An Equal Opportunity Employer M/F/H/V 


Winthrop 


= WINTHROP-UNIVERSITY HOSPITAL 


A Major Teaching Affiliate of SUNY Stony Brook School of Medicine 










General Surgeons Orthopedic Surgeons 
Alabama South Florida 
Central Florida Atlanta, GA (area) 
Newnan, GA Chicago, IL 
Neurosurgeons Lexington, KY 
Montgomery, AL Louisa, KY 
Central Florida Louisville, KY 
New Orleans, LA Somerset, KY 
Corpus Christi, TX New Orleans, LA 
Layton, UT Oakdale, LA 
Otolaryngologists Winnfield LA 
Alabama Chattanooga, TN 
Denver CO Mornstown, TN 
South Florida Beaumont, TX 
Atlanta, GA (area) College Station, TX 
; Corpus Christi, TX 
MAKY Houston, TX 
Somerest, KY e 
Richiands, VA 
Louisiana l 
Natchez, MS Urologists 
Bluefield, WV Denver, CO 
Greenbrier Valley, WV Orlando, Fl 
Orthopedic Surgeons ae GA 
Alabama ouisa, KY 
Phoenix. AZ Somerset, KY 
Denver CO Lake Charles, LA 
Central Florida Ville Platte, LA 
College Station, TX 
San Antonio, TX 
Laytcn, UT 


Call TOLL-FREE 1-800-626-1590, or send your cirriculum 
vitae to: Manager, Professional Relations, Humana Inc 
Dept. 00-2, PO. Box 1438, Louisville, KY 40201-1438 





—lumana’ 


Surgery Locum Tenens 


MDA provide | 
| frm mata | 
) al hability | 
Insurance for al] of 
our locum tenens 
Physicians. No tail . 


ee -no 
| INSurance 


worries . 


. . ever! | 


Temporary physicians and 
assignments are available. No 
hassles. Why wait... call David 
McAnally at MDA today: 


1-800-878-3500 


Medical Doctor Associates, Inc. 


Locum Tenens * Permanent Search 
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BC/BE GENERAL SURGEON needed to join two 
physician department in 25 doctor multi-specialty 
Clinic. Mountain locale. Guaranteed salary. Excel- 
lent benefits. CV to: Mike McCraley, Ogden Clinic, 
4650 Harrison, Ogden, UT 84403. (800) 234-5637. 





ATTENTION PHYSICIAN RECRUITERS. The "Clas- 
sified Advertising" sections now in all nine AMA Spe- 
Cialty Journals target the physician you want. These 
highly visible sections put your message in the hands 
of every specialist that qualifies for your professional 
opportunity, every month. To place the ad of your 
choice, any size, call toll free: (800) 237-9851: Local 
(813) 443-7666. 


Positions Available 





WELL ESTABLISHED, multi-specialty medical 
group needs board-certified or board-eligible 
internist/orthopedist for Worker's Compensation 
defense evaluations. Experience desirable. Spanish 
speaking a definite plus. Office locations in Los 
Angeles, Mission Hill, and Long Beach. Call Chuck: 
(800) 541-1173. 





Directors Wanted 





CHIEF OF SURGERY — Newton-Wellesley Hospi- 
tal, a 340-bed Tufts University affiliated community 
teaching hospital, located less than 10 miles west of 
Boston, is conducting a search for a Chief of 
Surgery. This position is full-time, including practice 
opportunities. Candidates must be board-certified in 
surgery, should have demonstrated a high level of 
commitment to patient care, the ability to lead an 
active educational program in surgery, and a capa- 
bility to provide outstanding departmental leader- 
ship. Newton-Wellesley Hospital currently averages 
more than 10,000 operative procedures per year 
with continued annual growth. At present, there are 
ten operating rooms and two cystoscopy suites in 
full use. The hospital is a member of the New Eng- 
land Medical Center surgical teaching program. The 
successful candidate will be responsible for the 
ongoing clinical, administrative and teaching activi- 
ties of the department, the direction of its active 
growth and development, and should be qualified 
for full Professorship rank at Tufts University School 
of Medicine. Interested candidates should forward 
their curriculum vitae and bibliography to: John Yer- 
ansian, MD, Chairman, Search Committee, Newton- 
Wellesley Hospital, 2000 Washington Street, Suite 
343, Newton, MA 02162. Newton-Wellesley Hospi- 
tal is an equal opportunity employer. 








DIRECTOR OF SURGERY- A 620-bed acute gen- 
eral hospital in the metropolitan New York area, cur- 
rently undergoing reconstruction, is seeking a 
dynamic individual to lead an academic department 
of surgery. Applicants must have board certification, 
demonstrable leadership, administrative and teach- 
ing skills along with the essential qualifications and 
willingness to develop and maintain graduate and 
post-graduate teaching programs. Box #938, c/o 
AOS. 


CHAIRPERSON, Department of Surgery, Meharry 
Medical College. Meharry Medical College is seek- 
ing a Chairperson for the Department of Surgery. An 
MD degree with board-certification in general 
Surgery is required. Subspecialty board would be 
preferable, but not required. Must have established 
reputation as a teacher, clinician and investigator. 
Must have wide national reputation within the aca- 
demic surgical field. Responsibilities include but are 





son of the Department as 
College, 1005 D.B.Tod 


37208. 
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FELLOWSHIP IN 
SURGICAL ONCOLOGY 
The Department of Surgery of the Međical Center 


of Delaware offers a one (1) year research/ clini- 
cal fellowship in surgical oncology. 


teaching center is immediately available. The Michi- 
gan State University Kalamazoo Center for Medical 
Studies serves two 450-bed hospitals as a clinical 
campus of Michigan State University College of 
Human Medicine. The position offers opportunities in 
teaching, research and Clinical practice as a full-time 
faculty member and as Associate Director of the 
Surgery Program. BC/BE oncology qualifications are 
mandatory. A teaching background and research 
experience are important. Send inquiries and a CV 
to: D.T. Freier, MD, MSU/KCMS, Suite 230, 1535 
Gull Road, Kalamazoo, MI 49001; or call: (616) 383- 
7363. 


PLEASE NOTE - Address replies to box number 
ads as follows: Box number , c/o AOS, 
P.O. Box 1510, Clearwater, FL 34617. 


We Target The Physician 
You Want! 


The Archives of Surgerys classified recruitment advertising section is 
seen by precisely the physician you need — general surgeons, plastic 
surgeons — plus other surgical subspecialties. A total targeted physician 
audience of over 32,000. 


Send your order today. Just complete the coupon below and attach 
your typewritten copy. The next available issue is April which closes 
February 25th. 


The classified rate is $1.30 per word for one issue. For three issues or 
more, the rate is $1.65 per word per issue. Minimum classified ad is 20 
words. 






Candidates must have completed ‘ive clinical 
years of surgical residency. Curriculum vitae 
accompanied by three (3) letters o reference 
should be sent to: 


Lemuel Herrera, MD 
Chief of Surgical Oncology 
Medical Center of Delaware 
501 West 14th Street, Suite <00 
Wilmington, Delaware 198C1 




























ORDER FORM 






Please insert my ad _____ times, beginning with the 
Place my ad under the heading 









Enclosed is my check for $ 
ment of my advertising schedule. 


to cover full pay- 
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Address 
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Authorized Signature 






COPY FOR CLASSIFIED ADVERTISEMENT: (Please type or print to avoid errors) 
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For Intravenous or Intramuscular Use 
PLEASE SEE FULL PRESCRIBING INFORMATION FOR A COMPLETE DESCRIPTION. 
A BRIEF SUMMARY FOLLOWS. 


INDICATIONS AND USAGE 
TREATMENT 

CEFOTAN is indicated for the therapeutic treatment of the following infections when caused by 
susceptible strains of the designated organisms: 

Urinary Tract Infections caused by E. coli, Klebsiella species ervey as pneumoniae), Proteus 
mirabilis, and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 

Lower Respiratory Tract infections caused by Streptococcus pneumoniae (formerly D. pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
(including ampicillin-resistant strains), Miebsiella species (including K. pneumoniae), E. coli, Proteus 
mirabilis, and Serratia marcescens”. 

Skin and Skin Structure infections due tc Staphylococcus aureus (penicillinase- and nonpenicillinase- 
producing strains), Staphylococcus epidermidis, Streptococcus pyogenes, Streptococcus species (excluding 
enterococci), Escherichia coli, Klebsiellapneumoniae, Peptococcus niger*, Peptostreptococcus species. 

Gynecologic Intections caused by Staphylococcus aureus (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylocoecus epidermidis, Streptococcus species (excluding enterococci), 
Streptococcus agalactiae, E. coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species 
(excluding B. distasonis, B. ovatus, B. thetaiataomicron), Fusobacterium species’, and gram-positive 
anaerobic cocci (including Peptococcuswiger and Peptostreptococcus species). 

Cefotetan, like other cephalosporins, has no activity against Chlamydia trachomatis. Therefore, when 
cephalosporins are used in the treatment ot pelvic inflammatory disease, and C. trachomatis is one of the 
suspected pathogens, appropriate antictlamydial coverage should be added. 

intra-abdominal Infections caused by €. coli, Klebsiella species (including K. pneumoniae), Streptococcus 
species (excluding enterococci), Bacteroides species (excluding B. distasonis, B. ovatus, B. thetaiotaomicron) 
and Clostridium species”. 

Bone and Joint Infections caused by Stanhylococcus aureus* 

*Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify causative 
organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted before results 
of susceptibility studies are known; however, once these results become available, the antibiotic treat- 
ment should be adjusted accordingly. 

In cases of confirmed or suspectedigrar -positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism hasinot been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Ce*otetan combinations with aminoglycosides have been shown 
to be synergistic in vitro against many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommendec in the labeling of both antibiotics may be given and depends on the severity of 
the infection and the patient's condition. 

NOTE: If CEFOTAN and an aminoglycasice are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and otetoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity hasnot been noted when CEFOTAN was given alone, it is possible that 
se li may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 


The preoperative administration of CEFCTAN may reduce the incidence of certain postoperative 
infections in patients undergoing surgical procedures that are classified as clean contaminated or 
potentially contaminated (e.g., cesareen section, abdominal or vaginal hysterectomy, transurethral 
=e biliary tract surgery, and | esp apg surgery). 

The prophylactic dose of CEFOTAN shoud be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the clamping 
of the umbilical cord. 

If there are signs and symptoms ofinfec:ion, specimens for culture should be obtained for identification 
of the causative gal so that apprapriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
X ines is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 

BEFORE THERAPY WITH CEFOTAN IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO 
DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO 
CEFOTETAN DISODIUM, CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. IF THIS PRODUCT IS TO 
BE GIVEN TO PENICILLIN-SENSITIVE PAT ENTS, CAUTION SHOULD BE EXERCISED BECAUSE CROSS- 
HYPERSENSITIVITY AMONG BETA-LACTAM ANTIBIOTICS HAS BEEN CLEARLY DOCUMENTED AND MAY 
OCCUR IN UP TO 10% OF PATIENTS WITH A HISTORY OF PENICILLIN ALLERGY. IF AN ALLERGIC 
REACTION TO CEFOTAN OCCURS, DISCONTINUE THE DRUG. SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE TREATMENT WITH EPINEPHRINE AND OTHER EMERGENCY MEASURES, 
INCLUDING OXYGEN, INTRAVENOUS FLU DS, INTRAVENOUS ANTIHISTAMINES, CORTICOSTEROIDS, 
PRESSOR AMINES AND AIRWAY MANAGEMENT, AS CLINICALLY INDICATED. 

Pseudomembranous colitis has been reported with nearly all antibacterial agents, including 
cefotetan, and may range from mild'te life-threatening. Onset of pseudomembranous colitis symptoms 
may occur during or after antibiotic treatment or surgical prophylaxis. Therefore, it is important to 
consider this diagnosis in patients who present with diarrhea subsequent to the administration of 
antibacterial agents. 

Treatment with antibacterial agents alters the normal flora of the colon and may permit overgrowth of 
clostridia. Studies indicate that a toxin preduced by Clostridium difficile is a primary cause of “antibiotic- 
associated colitis.” 

After the diagnosis of pseudomembranous colitis has been established, therapeutic measures should 
be initiated. Mild cases of pseudomembrenous colitis usually respond to discontinuation of the drug 
alone. In moderate to severe cases, consideration should be given to management with fluids and elec- 
trolytes, protein supplementation, and treatment with an oral antibacterial drug effective against 
Clostridium difficile. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity and, possibly, suDsequent bleeding Those at increased risk include patients with 
renal or hepatobiliary impairment or poor nutritional state, the elderly, and patients with cancer. Pro- 
thrombin time should be monitored and exogenous vitamin K administered as indicated. 

PRECAUTIONS 

General: As with other broad-spectrur antibiotics, prelonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 

information for Patients: As with some other cephalosporins, a disulfiram-like reaction characterized 
by flushing, sweating, headache, and tactycardia may occur when alcohol (beer, wine, etc.) is ingested 
within 72 hours after CEFOTAN administration. Patients should be cautioned about the ingestion of 
alcoholic beverages following the administration of CEFOTAN. 

Drug Interactions: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
alone, it is possible that nephrotoxieity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 

Drug/Laboratory Test interactions: The administration of CEFOTAN may result in a false-positive 
reaction for glucose in the urine using Clinitest®*, Benedict's solution, or Fehling’s solution. It is 
recommended that glucose tests based on enzymatic glucose oxidase be used. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of serum 
and urine creatinine levels by Jaffe reaction and produce false increases in the levels of creatinine reported. 


CEFOTAN.. 


(cefotetan disodium | 


Available in 1-gram and 2-gram vials 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Although long-term studies in animals have not 
been performed to evaluate carcinogenic potential, no mutagenic potential of cefotetan was found in 
standard laboratory tess. 

Cefotetan has advere effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
developmentally analowous to late childhood and prepuberty in humans) resulted in reduced testicular 
weight and seminiferoes tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 129 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have seen observed in experiments of comparable design with other methy/thiotetrazole- 
containing antibiotics and impaired fertility has been reported, particularly at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 Hg pe SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is anknown. . 

Pregnancy: Teratogenic Effects. Pregnancy Category B: Reproduction studies have been performed in 
rats and monkeys at deses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the ‘etus due to cefotetan. There are, however, no adequate and well-controlled studies 
in pregnant women. Because animal reproductive studies are not always predict ve of human response, 
this drug should be used during pregnancy only if clearly needed. 

Nursing Mothers: Cefotetan is excreted in human milk in very low concentrations. Caution should be 
exercised when cefote:an is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established 
ADVERSE REACTIONS 

in clinical studies, the following adverse effects were considered related to CEFOTAN therapy. Those 
— in italics hare been reported during postmarketing experience. 

Gastrointestinal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700); pseudomembranous colitis. Onset of pseudomembranous Co itis symptoms may occur 
during or after antibioñc treatment or surgical prophylaxis. (See WARNINGS.) 

Hematologic !aboraory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 
200), positive direct Coombs ' test (1 in 250), and thrombocytosis (1 in 300); agranulocytosis, hemolytic 
anemia, leukopenia, thrombocytopenia, and prolonged prothrombin time. 

Hepatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

hy gp reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 
(1 in 700); anaphylactz reactions. 

Local effects were ported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). 

Miscellaneous: Fever 

in addition to the aeverse reactions listed above which have been observed in patients treated with 
cefotetan, the following adverse reactions and altered laboratory tests have been reported for cephalo- 
sporin-class antibiotics: urticaria, pruritis, Stevens-Johnson syndrome, erythema multiforme, toxic epidermal 
necrolysis, vomiting, abdominal pain, colitis, superinfection, vaginitis including vaginal candidiasis, renal 
dysfunction, toxic nephropathy, hepatic dysfunction including cholestasis, aplastic anemia, hemorrhage, 
increased BUN, increased creatinine, elevated bilirubin, pancytopenia, and neutropenia. 

Several cephalospcrins have been implicated in triggering seizures, particularly in patients with renal 
impairment when thesdosage was not reduced (see DOSAGE AND ADMINISTRATION and OVERDOSAGE). 
lf seizures associatec with drug therapy occur, the drug should be discontinued. Anticonvulsant therapy 
can be yH if clinica ly indicated. 

DOSAGE AND ADMINISTRATION 
TREATMENT 

The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intramuscularly 
every 12 hours for 5 to 10 days. Proper dosage and route of administration should be determined by the 
condition of the patient, severity of the infection, and susceptibility of the causative organism 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 





Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 
1 or 2 g every 24 hours IV or IM 
1 or 2 g every 12 hours IV or IM 
Skin & Skin Structure 
Mild-Moderate@ 2 grams 2 g every 24 hours IV 
1 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6 grams? 3 g every 12 hours IV 





4 E i aaa skir and skin structure infections should be treated with 1 or 2 grams every 12 hours 
IV or IM. 

b Maximum daily dosage should not exceed 6 grams. 

If C. trachomatis is a suspected pathogen in gynecologic infections, appropriate antichiamydial 
coverage should be « dded, since cefotetan has no activity against this organism 
PROPHYLAXIS 

To prevent postoperative infection in clean contaminated or potentially contaminated surgery in adults, 
the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 30 to 60 minutes 
prior to surgery. In patients undergoing cesarean section, the dose should be administered as soon as 
the umbilical cord isaclamped. 
IMPAIRED RENAL FUNCTION 

When renal functienis impaired, a reduced dosage schedule must be employ3d. See FULL PRESCRIBING 
INFORMATION for a complete description. 
NOTE: Parenteral drug products should be inspected visually for particulate matter and discoloration 
prior to administratien whenever solution and container permit. 
Clinitest®t is a regissered trademark of Ames Division, Miles Laboratories, Inc 


References: 1. Foram RM, Brett JL, Wulf P Evaluating the cost impact of intravenous antibiotic dosing frequencies. DICP 
Ann Pharmacother 199°;25:546-552. 2. Carver P, Quintiliani R, Nightingale CH. Comparative pharmacokinetic study of 
cefotetan and cefoxitin m healthy volunteers. /nfect Surg. April 1986(supp!):11-14._ 3. Fujimoto M, Ueda T, Sakai K. A clinical 
trial on cefotetan (YM0S330) in the field of surgery. Chemo ¢ 1982.30:817-827. 4. Owen AWMC, Rickards D, Yates RA, 
et al. The pharmacokinetics of the excretion of cefotetan into the biliary tree. Vienna: 13th Imernational Congress of 
Chemotherapy; 1983:34/8-34/19. 5. Cristiano P, Lobelio R, lovene. MR, et al. Clinical and pharmacokinetic study of 
cefotetan in biliary tractanfections: preliminary report. Chem a 3-236. 6. Wilson SE, Boswick JA Jr, 
Duma RJ, et al. Cephalesporin therapy in intraabdomig andomized, comparative of 

H MB, Jacobus NV, Tally FP Gorbach SL 
359-363. 8. Hennessey TD. Cefotetan: a 
ads. Cefotelan: A m. i Anti- 
4. Jata on file, Stuart Pharmaceuticals, 














compilation of susceptibility data of clinical iso 
biotic for Polymicrobial infections. New York, 
Wilmington, Delaware. 
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è Simple dosing (intra-abdominal infection*: } 
1-2 g q12h; skin/soft tissue infection: 2 g q24h IV": 
prophylaxis: 1-2 g as a single dose) is better at saving 
you time and effort! 


eè A longer half-life means CEFOTAN cam be dosed 
less frequently—better savings of adm nistration 
time and materials! 


e Sustained therapeutic levels? (includinc high biliary 
concentrations?*) simply assure coverage despite OR 
delays and prolonged procedures 


e Plus the assurance of clinically proven efficacy and 
simply outstanding polymicrobial coverage* 7-9 


Simply an outstanding choice 


CEFOTAN 
cefotetan disodium) 


* Please refer to product labeling for indicated orgar~sms. 
"Klebsiella pneumoniae 1-2 g q12h IM/IV. 
*In vitro activity does not necessarily correlate with in vivo efectiveness. 


Please see adjacent page for brief summary of prescribing information. 





©) 1992 ICI Americas Inc. 
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Hypocalcemia During Sepsis: 
Relationship to Resuscitation and Hemodynamics 
K. W. Burchard, H. H. Simms, A. Robinson, R. DiAmico, D. S. Gann 








The Roux Stasis Syndrome: Treatment by Pacing and Prevention 
by Use of an ‘Uncut’ Roux Limb 
B. W. Miedema, K. A. Kelly 





Pattern and Distribution of Thrombi in Acute Venous Thrombosis 
A. Markel, R. A. Manzo, R. O. Bergelin; B. Æ, Strandness b: 
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Postoperative Pulmonary Embolism After Hospital Discharge: 
An Underestimated Risk “=~ 
O. Huber, H. Bounameaux, F. Borst, A. Rohner 





The Henry Operation for Incarcerated and Strangulate 
Femoral Hernias 
S. D. Berliner, L. C. Burson, L. Wise 






Wound-Healing Complications Following Biopsy > ef 
of the Irradiated Breast f 
R. D. Pezner, J. A..Lorant, J. Terz, J. Ben-Ezra, T. Odom-Maryon, K. H. Luk 


Volume 127, Number 3 
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ROCEPHIN, 1 gm given once prior to Surgery” in adults, provides 
effective prophylaxis against infection anc is on board throughout the 
perioperative period—even if surgery Is delayed or prolonged. 


And ROCEPHIN, 1 to 2 gm given once a day in adults, is the usual 
therapeutic dosage for the following common postsurgical infections: 
lower respiratory tract or skin/skin structure Infections due to Staphylo- 
coccus aureus, Klebsiella pneumoniae ard Proteus mirabilis; urinary 
tract infections due to Escherichia coll, K. pneumoniae and P mirabilis 


Efficacy, economy, ease and generally well tolerated. ROCEPHIN: 1 gm 
once for prophylaxis, once daily for cure. 
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As with any cephalosporin, there exists the possibility of hypersensitivity reactions, 
especially in individuals with a history of sensitiv ty. 


© 1991 by Hoffmann-La Roche Inc. * In contaminated or potentially contaminated Please see adjacent page for summary of product 
All rights reserved. procedures (e.g., vaginal or abdominal information, which includes a list of adverse reactions. 
hysterectomy), and for patients in whom 
infection at the operative site would present 
serious risk (e.g., coronary artery bypass 
graft [CABG] surgery). 


ROCEPHIN® (ceftriaxone sodium/Reche) 

Before prescribing, please consult complete product information, a summary of which follows: 
INDICATIONS AND USAGE: Roceprin is indicated for the treatment of the following infections when 
caused by susceptible organisms: 

LOWER RESPIRATORY TRACT IĦIFECTIONS caused by Strep. pneumoniae, Streptococcus spe- 


cies (excluding enterococci), Step. aureus, H. influenzae, H. parainfluenzae, Klebsiella species 
(including K. pneumoniae), E. coli, E. aerogenes, Proteus mirabilis and Serratia marcescens. 


SKIN AND SKIN STRUCTURE IN=ECTIONS caused by Staph. aureus, Staph. epidermidis, Strep- 
tococcus species (excluding enterococci), E. cloacae, Klebsiella species (including K. pneumo- 
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URINARY TRACT INFECTIONS (complicated and uncomplicated) caused by E. coli, Proteus mir- 
abilis, Proteus vulgaris, M. morgari and Klebsiella species (including K. pneumoniae). 
UNCOMPLICATED GONORRHEA (cervical/urethral and rectal) caused by Neisseria gonor- 
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orrhea caused by nonpenicillinase producing strains of Neisseria gonorrhoeae. 

PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 

BACTERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae, E. coli, H. influenzae and 
K. pneumoniae. 


BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Streptococcus 


species (excluding enterococc!, E. coli, P. mirabilis, K. pneumoniae and Enterobacter species. 


INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 


MENINGITIS caused by H. influenzae, N. meningitidis and Strep. pneumoniae. Ceftriaxone has 
also been used successfully in a imited number of cases of meningitis and shunt infections 
caused by Staph. epidermidis and E. coli. 


SURGICAL PROPHYLAXIS: Preoperative administration of a single 1 gm dose may reduce inci- 
dence of postoperative infections in patients undergoing surgical procedures Classified as con- 
taminated or potentially contaminated (e.g., vaginal or abdominal hysterectomy) and in those for 
whom infection at the operativesi*e presents serious risk (€.g., 
during coronary artery bypass surgery). 


Although ceftriaxone has been shown to have been as effective 
as cefazolin in the prevention of mfection following coronary artery 
bypass surgery, no placebo-contralled trials have been conduct- 
ed to evaluate any cephalosporin antibiotic in the prevention of 
infection following coronary artery 2ypass surgery. When admin- 
istered before indicated surgica procedures, a single 1 gm dose 
provides protection from most in*ections due to susceptible orga- 
nisms for duration of procedure 


SUSCEPTIBILITY TESTING: Before instituting treatment with 
Rocephin, appropriate specimens should be obtained for isola- 
tion of the causative organism and for determination of its suscep- 
tibility to the drug. Therapy mey be instituted prior to obtaining 
results of susceptibility testing. 


CONTRAINDICATIONS: Rocephin is contraindicated in patients with 
known allergy to the cephalosporin class of antibiotics. 


WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, 
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ACTIONS TO CEPHALOSPORINS, PENICILLINS OR OTHER 
DRUGS. THIS PRODUCT SHOLLD BE GIVEN CAUTIOUSLY TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTICN TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY 
TO DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS 
MAY REQUIRE THE USE OF SUBCUTANEOUS EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis, reported with nearly all antibacterial agents, including ceftriaxone, may 
range in severity from mild to life-threatening. Therefore, consider this diagnosis in patients who present 
with diarrhea subsequent to admiristration of antibacterial agents. 


Treatment with antibacterial agents alters normal flora of the colon and may permit overgrowth 
of clostridia. Studies indicate € toxin produced by Clostridium difficile is one primary cause of 
“antibiotic-associated colitis.” 


After establishing diagnosis of pseudomembranous colitis, initiate therapeutic measures. Mild 
cases of pseudomembranous colit's usually respond to drug discontinuation alone. In moderate 
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PRECAUTIONS: GENERAL: Although transient elevations of BUN and serum creatinine have been 
observed, at the recommendec dosages, the nephrotoxic potential of Rocephin is similar to that 
of other cephalosporins. 


Ceftriaxone is excreted via bothebi iary and rena! excretion (see Clinical Pharmacology). There- 
fore, patients with renal failure mormally require no adjustment in dosage when usual doses of 
Rocephin are administered, but concentrations of drug in the serum should be monitored period- 
ically. If evidence of accumulation exists, dosage should be decreased accordingly. 


Dosage adjustments should netbe necessary in patients with hepatic dysfunction; however, in 
patients with both hepatic dysfunction and significant renal disease, Rocephin dosage should not 
- exceed 2 gm daily without close monitoring of serum concentrations. 


Alterations in prothrombin times have occurred rarely in patients treated with Rocephin. Patients 
with impaired vitamin K synthesis or iow vitamin K stores (e.g., chronic hepatic disease and mal- 
nutrition) may require monitoring of prothrombin time during Rocephin treatment. Vitamin K ad- 
ministration (10 mg weekly) may be necessary if the prothrombin time is prolonged before or 
during therapy. 


Prolonged use of Rocephin may “esult in overgrowth of nonsusceptible organisms. Careful obser- 
vation of the patient is essential If superinfection occurs during therapy, appropriate measures 
should be taken. 


Rocephin should be prescribedwith caution in individuals with a history of gastrointestinal dis- 
ease, especially coitis. 


Rare cases reported of sonograchie abnormalities seen in the gallbladder; patients may also have 
symptoms of gallbladder disezse These abnormalities, variously described as sludge, pre- 
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upon discontinuation of Rocephin and conservative management. Therefore, discontinue 
Rocephin if signs and symptoms suggestive of gallbladder disease and/or the sonographic find- 
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CARCINOGENESIS, MUTAGENES:S, IMPAIRMENT OF FERTILITY: Carcinogenesis: Considering 
the maximum duration of treatment and the class of the compound, carcinogenicity studies with 
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formed in mice and rats at doses up to 20 times the usual human dose and have no evidence of 
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reproductive studies are not always predictive of human response, this drug should be used dur- 
ing pregnancy only if clearly needed. 
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Nonteratogenic Efects: In rats, in the Segment | (fertility and general reproduction) and Segment Il! 
(perinatal and po&natal) studies with intravenously administered ceftriaxone, no adverse effects were 
noted on variousweproductive parameters during gestation and lactation, including postnatal 
growth, functionatdehavior and reproductive ability of the offspring, at doses of 586 mg/kg/day orless. 


NURSING MOTRERS: Low concentrations of ceftriaxone are excreted in human milk. Caution 
should be exercised when Rocephin is administered to a nursing woman. 


PEDIATRIC USE. Safety and effectiveness of Rocephin in neonates, nfants and children have 
been establishec for the dosages described in the Dosage and Adm nistration section. In vitro 
studies have shown ceftriaxone, like some other cephalosporins, can displace bilirubin from ser- 
um albumin. Rocephin should not be administered to hyperbilirubinemic neonates, especially 
prematures. 


ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical trals, the following adverse 
reactions. which were considered to be related to Rocephin therapy or of uncertain etiology, were 
observed: 


LOCAL REACTIGNS — pain, induration or tenderness at the site of injection (1 %). Less frequently 
reported (less than 1%) was phlebitis after I.V. administration. 


HYPERSENSITIV'TY —rash (1.7%). Less frequently reported (less than 1%) were pruritus, fever 
or chills. 


HEMATOLOGIC — eosinophilia (6%), thrombocytosis (5.1%) and leukopenia (2.1%). Less fre- 
quently reported less than 1%) were anemia, neutropenia, lymphopenia, thrombocytopenia and 
prolongation of the prothrombin time. 


GASTROINTESTNAL — diarrhea (2.7%). Less frequently reported (less than 1%) were nausea 
or vomiting, and dysgeusia. Onset of pseudomembranous colitis symptoms may occur during or 
after antibiotic treatment (see WARNINGS). 


HEPATIC —elevations of SGOT (3.1%) or SGPT (3.3%). Less frequent y reported (less than 1%) 
were elevations ef alkaline phosphatase and bilirubin. 


RENAL —elevatiens of the BUN (1.2%). Less frequently reported (less than 1%) were elevations of 
creatinine and the presence of casts in the urine. 


CENTRAL NERVOUS SYSTEM—headeche or dizziness were re- 
ported occasionally (less than 1%). 


GENITOURINARY —moniliasis or vaginitis were reported occa- 
sionally (less than 1%). 


MISCELLANEOUS —diaphoresis and flushing were reported oc- 
casionally (less than 1%). 


Other rarely observed adverse reactions (less than 0.1%) include 
leukocytosis, lymphocytosis, monocytosis, basophilia, adecrease 
in the prothrombin time, jaundice, gallbladder sludge, glycosuria, 
hematuria, anaphylaxis, bronchospasm, serum sickness, abdom- 
inal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis. 


DOSAGE AND ADMINISTRATION: Rocephin may be administered in- 
travenously or intramuscularly. The usual adult daily dose is 1 to 
2 gm given once a day (or in equally divided doses twice a 
day) depending on the type and severity of the infection. The total 
daily dose should not exceed 4 grams. 


For the treatment of serious miscellaneous infections in children, 
other than meningitis, the recommended total daily dose is 50 to 
75 mg/kg (not to exceed 2 grams), given in divided doses every 
12 hours. 


Generally, Rocephin therapy should be continued for at least two 
days after the signs and symptoms of infection have disappeared. 
The usual duration is 4 to 14 days; in complicated infections long- 
er therapy may be required. 

in the treatment of meningitis, a daily dose of 100 mg/kg (not to ex- 
ceed 4 grams), given in divided doses every 12 hours, should be administered with or without a 
loading dose of ~5 mg/kg. 

For the treatmentof uncomplicated gonococcal infections, a single intramuscular dose of 250 mg 
is recommendec. 

For preoperativeuse (surgical prophylaxis), a single dose of 1 gm administered 1/2 to 2 hours be- 
fore surgery is recommended. 

When treating intections caused by Streptococcus pyogenes, therapy should be continued for at 
least ten days. 

No dosage adjus=:mentis necessary for patients with impairment of renal or hepatic function; how- 
ever, blood leves should be monitored in patients with severe renal impairment (e.g., dialysis 
patients) and in patients with both renal and hepatic dysfunctions. 

HOW SUPPLIED: Focephin (ceftriaxone sodium/Roche) is supplied as a sterile crystalline powder in 
glass vials and piggyback bottles. The following packages are available: 

Vials containing 250 mg, 500 mg, 1 gm or 2 gm equivalent of ceftriaxone; piggyback bottles con- 
taining 1 gm or 2 gm equivalent of ceftriaxone; bulk pharmacy containers containing 10 gm equiv- 
alent of ceftriaxcne (NOT FOR DIRECT ADMINISTRATION). 
Also supplied asa sterile crystalline powder as follows: 
ADD-Vantage Vials®* containing 1 gm or 2 gm equivalent of ceftriaxone. 
Also supplied premixed as a frozen iso-osmotic, sterile, nonpyrogenic solution of ceftriaxone so- 
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1 gm equivalentof ceftriaxone, iso-osmotic with approximately 1.9 gm dextrose hydrous, USP 
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NOTE: Rocephir in the frozen state should not be stored above -20°C. 

*Registered trademark of Abbott Laboratories, Inc. 
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Surgery 


March 27-29, 1992 — San Diego 


ATLE USter LSULULE 


Boards Review Course 
May 29-31, 1992 — Indianapolis 


September 6-13 and 11-13, 1992 — Philadelphia 
Now, your course for written and oral boards offers unlimited mock exams 


OBJECTIVES 


® Increase knowledge of surgical principles and practice 
® Prepare candidates to take written and oral board exams 
® Provide a comprehensive review for recertification 


METHODS 


è HOME STUDY questions, assignments and answers 
® SEMINAR with slides and syllabus (Part I course only) 
® PRACTICE EXAMS for your oral boards 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities, but from people who are relati vely unknown as well. "* 


Part II Courses: 

March 27-29 — San Diego 
San Diego Princess 

May 29-31 — Indianapolis 
Airport Hilton Hotel 

Sept. 11-13 — Philadelphia 

November 6-8 — Cleveland 


The Part II Course is designed 
to prepare board candidates for 
oral exams. The course will 
consist of mock oral exams, 
each based on a presenting 
problem leading to questions on 
differential diagnosis, treatment 
options and complications. 
Faculty will critique each exam 
and answer questions. 


Each participant will have an 
exam and critique session and 


unlimited observation of other May 29-31 Indianapolis Retroperitoneum 
sessions. Additional 25-minute Breast and Skin Tumors 
Ege may ia arranged for noo econ ia Endocrine Surgery 
, and private sessions may kS 

be arranged for $100. Daniel Kenady, M.D. R EN "R 
Part II Topics T a Surgical Critical Care 
Alimentary Tract Indiana University Special Surgery 
Liver and Gallbladder Mary Mancini, M.D. Thoracic Surgery 
Abdomen and Hernia Louisiana State University Cardiac Surgery 
Pancreas and Spleen Bryce Munger, M.D. Vascular Surgery 
Breast and Skin Tumors Penn State University Orthopedic Surgery 
Endocrine Surgery Henry Olivier, Jr., M.D. Pediatric Surgery 
Head and Neck Surgery Indiana University Urologic Surgery 
Thoracic Surgery Ken Rundell, M.D. Gynecologic Surgery 
Vascular Surgery Wright State University Neurosurgery 
Trauma Management Karen West, M.D. Ophthalmology 
Surgical Critical Care Indiana University Plastic Surgery 

Limited Enrollment: SURGERY BOARDS REVIEW REGISTRATION 

Name 

Address 

City/State/Zip 

Phone 


P.O. Box 2218 
Terre Haute, IN 47802 
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Mail today to: 


1094 East Dawn Drive, Dept. 203 


Faculty 


March 27-29 — San Diego 
Harry Applebaum, M.D. 
Univ. of Southern California 
Richard Davies, M.D. 

Univ. of California, San Diego 
Ronald Feinstein, M.D. 
Univ. of Southern Calif. 

Paul Glatleider, M.D. 
Cedars-Sinai Medical Center 
Janet Ihde, M.D. 

Loma Linda University 
Stuart Jamieson, M.D. 

Univ. of California, San Diego 
Marvin Kaplan, M.D. 

Univ. of Calif., Los Angeles 
Thomas Robins, M.D. 

Univ. of California, San Diego 


Part I Courses: 
Sept. 6-13 — Philadelphia 
October 14-20 — Chicago 
Basic Surgery 
Anatomy and Physiology 
Anesthesiology 

Shock, Fluids and Lytes 
Bleeding and Transfusion 
Nutritional Support 
Surgical Oncology 
Transplantation 

Infection and Sepsis 

Pre- and Post-op. Care 


General Surgery 
Alimentary Tract 
Liver and Gallbladder 
Abdomen and Hernia 
Pancreas and Spleen 














For: LJ Part I Course: 
C] Part I Course: 


date 





city 


C] Check is enclosed for $ 
C] Please send FREE SAMPLE 


"remarkably complete and pleasant....'"* 


COURSES: The Part I course (consisting of 
lectures and evening mock oral exams) is given 
a month before and the week before written 
and recertification exams. The Part II course 
(mock oral exams) is given for three days 
before and in the same city as each oral exam. 
Fach participant is guaranteed a one-on-one 
public mock oral and can purchase additional 
public or private exams. Past participants rec- 
ommend repeating our courses, for half price, 
immediately before your exam. 


"Accommodations were comfortable....'"* 
LOCATION: San Diego — The San Diego 
Princess Resort, $112 single, $155 double; 
Indianapolis — The Airport Hilton Hotel, $92 
single, $117 double. 


" „and those little extras...."* 


DISCOUNT AIR FARES: Please call toll- 
free (800) 548-8185 for group discount rates. 


"the most education for the money.”* 


FEES AND CATEGORY 1 HOURS: 
Surgeon or Resident: Surg. Res. Hrs. 
© Part I course (7 days): $810 $540 65 
repeating within 2 years: $405 $405 65 
© Part II course (3 days): $570 $380 28 
repeating within 2 years: $285 $285 28 
© Extra mock oral exam: $70 $70 1/2 
© Private mock oral exam: $100 $100 1/2 


® Add 10% within 10 days of the course. 

® Attendees not in course hotel add $20/day. 

® Deposit of $50 will reserve your position. 

® Subject to a $50 fee, refunds will be made 
until the seminar begins. 

® Cancellation after mailing home study ma- 
terial requires retention of half the fee. 


"home study material was extremely helpfil.'* 


ACCREDITATION: Jointly sponsored by 
Penn State’s College of Medicine at The Milton S. 
Hershey Medical Center. Penn State is accredited 
by the Accreditation Council for Continuing Med- 
ical Education (ACCME) to sponsor continuing 
medical education for physicians. 
CREDIT: Penn State designates this continuing 
medical education activity for up to 65 credit 
hours in Category 1 of the Physician’s Recogni- 
tion Award of the American Medical Association. 
"I feel [the course] helped me pass...'* 
INFORMATION: 

1094 East Dawn Drive, Terre Haute, IN 47802 


(800) 356-7537 or (812) 299-5658 
*Comments by Osler participants 
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EDITORIAL 
Claude H. Organ, Jr, MD 
ORIGINAL ARTICLES 
The Efficacy and Limitations of Percutaneous 261 


Endoscopic Gastrostomy 
William R. Jarnagin, MD; Quan-Yang Duh, MD; Sean J. Mulvihill, MD; 
John A. Ridge, MD; Theodore R. Schrock, MD; Lawrence W. Way, MD 


@ Since PEG does not prevent recurrent aspiration, it should be used with caution 
in patients with a history of aspiration. 


Hypocalcemia During Sepsis: Relationship 265 


to Resuscitation and Hemodynamics 

Kenneth W. Burchard, MD; H. Hamk Simms, MD; 

Ann Robinson, PhD; Ronald DiAmico; Donald S. Gann, MD 

@ Polymicrobial intra-abdominal sepsis results in decreased ionized calcium and an 
elevated parathyroid hormone; hemodynamics do not correlate with ionized calcium 
levels, and resuscitation can be achieved without calcium administration. 


Central Venous Catheterization in Patients With Coagulopathy 273 
Preston F. Foster, MD; Lucy R. Moore, RN, BSN; 
Howard N. Sankary, MD; Marquis E. Hart, MD; 
Marilyn K. Ashmann, RN, MSN; James W. Williams, MD 
è Experienced clinicians utilizing appropriate techniques may safely perform central 
venous Catheterization in patients with abdominal prothrombin time, activated 
partial thromboplastin time, and platelet count. 


Total Vascular Exclusion for Hepatic Resection in Cirrhotic 276 
Patients: Application of Venovenous Bypass 

Yoshio Yamaoka, MD; Kazue Ozawa, MD; Kaoru Kumada, MD; 

Yasuyuki Shimahara, MD; Kouichi Tanaka, MD; Keiichiro Mori, MD; 

Takashi Takayasu, MD; Ryoji Okamoto, MD; Nobuaki Kobayashi, MD; 

Yasuhiko Konishi, MD; Hiroto Egawa, MD 


è It is feasible to adopt hepatic vascular exclusion in cirrhotics with venovenous 
bypass if kept within the time limit of 50 minutes. 


Groin Dissection in the Treatment of Lower-Extremity 281 


Melanoma: Short-term and Long-term Morbidity 

Peter C. Baas, MD, PhD; Heimen Schraffordt Koops, MD, PhD; 
Harold J. Hoekstra, MD, PhD; J. J. van Bruggen, MD; 

Leo Th. van der Weele, PhD; Jan Oldhoff, MD, PhD 


@ A standard approach to therapeutic node dissection gave good late functional results. 


Continued on page 251. 
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AZACTAM: 
a balance 


of strength 
and safety. 


AZACTAM provides broad aerobic 
gram-negative in vitro activity including 
Pseudomonas aeruginosa. 


AZACTAM is effective therapy for 
pneumonia, sepsis, 
intra-abdominal infections, and UTI* 


No AZACTAM-induced nephrotoxicity 
or ototoxicity reported in worldwide 
clinical trials of 4,570 patients.” 


May be used in penicillin-allergic 
patients.” 


Following IV administration, the 
most commonly seen adverse 
reactions with AZACTAM occurred 
in less than 2% of patients, including 
local reactions, diarrhea, nausea! 
vomiting, and rash. 





aztreonam IV/IM 19/29 
A logical alternative 
to aminoglycosides. 


*Due to susceptible organisms. 


tla these studies of 4,570 patients, transient elevations of serum 
creatinine were rarely observed. 


+Antibietics should be given with caution to any patient who has had same 
form of allergy, particularly to drugs. See brief summary of prescribing 
information on adjacent page for recommendations on patients with 
immediate hypersensitivity reactions to penicillins. 
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AZACTAM® FOR INJECTION 
Aztreonam For Injection 


DESCRIPTION-AZACTAM (Aztreonam, Squibb) is the first member of a new class 
of antibiotics classified as monobactams. AZACTAM is a totally synthetic bacterici- 
dal antibiotic with activity against a wide spectrum of gram-negative aerobic 
pathogens. The monobactams, having a unique monocyclic beta-lactam nucleus, 
are structurally different from other beta-lactam antibiotics. 

AZACTAM For Injection is a sterile, nenpyrogenic, sodium-free, white to yellowish- 
white lyophilized cake, containing appreximately 780 mg arginine per gram of aztre- 
onam for intramuscular or intravenous use following constitution. Aqueous solutions 
of the product have a pH in the range of 4.5-7.5. 


INDICATIONS AND USAGE-Before initiating treatment with AZACTAM, appropriate 
specimens should be obtained for isolation of the causative organism(s) and for de- 
termination of susceptibility to aztreonam. Treatment with AZACTAM may be started 
empirically before results of the susceptibility testing are available: subsequently, ap- 
propriate antibiotic therapy should be continued. 

AZACTAM For Injection is indicated for the treatment of the following infections 
caused by susceptible gram-negative microorganisms: Urinary Tract Infections (com- 
plicated and uncomplicated), including pyelonephritis and cystitis (initial and recurrent) 
caused by Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas 
aeruginosa, Enterobacter cloacae, Klebsiella oxytoca*, Citrobacter species* and Serratia 
marcescens*. Lower Respiratory Tract infections, including pneumonia and bronchitis 
caused by Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, 
Haemophilus influenzae, Proteus mirabilis, Enterobacter species and Serratia 
marcescens*. Septicemia caused by Escherichia coli, Klebsiella pneumoniae, Pseu- 
domonas aeruginosa, Proteus mirabilis*, Serratia marcescens* and Enterobacter species. 
Skin and Skin-Structure infections, including those associated with postoperative 
wounds, ulcers and burns caused by Escherichia coli, Proteus mirabilis, Serratia 
marcescens, Enterobacter species, Pseudomonas aeruginosa, Klebsiella pneumoniae, 
and Citrobacter species*. intra-abdominal Infections, including peritonitis caused by 
Escherichia coli, Klebsiella species, including K. pneumoniae, Enterobacter species in- 
cluding E. cloacae*, Pseudomonas aeruginosa, Citrobacter species* including C. fre- 
undii* and Serratia species* including S. marcescens*. Gynecologic Infections, 
including endometritis and pelvic cellulitis caused by Escherichia coli, Klebsiella pneu- 
moniae*, Enterobacter species* including E. cloacae* and Proteus mirabilis*. 

AZACTANM is indicated for adjunctive therapy to surgery in the management of in- 
fections caused by susceptible organisms, including abscesses, infections compli- 
cating hollow viscus perforations, cutaneous infections and infections of serous 
surfaces. AZACTAM is effective against most of the commonly encountered gram- 
negative aerobic pathogens seen in general surgery. 


Concurrent Therapy- Concurrent initial therapy with other antimicrobial agents and 
AZACTAM is recommended before the causative Organism(s) is known in seriously 
ill patients who are also at risk of having an infection due to gram-positive aerobic 
pathogens. If anaerobic organisms are also suspected, therapy should be initiated 
using an anti-anaerobic agent concurrently with AZACTAM. Certain antibiotics (e.g., 
cefoxitin, imipenem) may induce high levels of beta-lactamase in vitro in some gram- 
negative aerobes such as Enterobacter and Pseudomonas species, resulting in an- 
tagonism to many beta-lactam antibiotics including aztreonam. These in vitro findings 
suggest that such beta-lactamase inducing antibiotics not be used concurrently 
with aztreonam. Following identification and susceptibility testing, appropriate an- 
tibiotic therapy should be continued. 


CONTRAINDICATIONS-Aztreonam is contraindicated in patients with known allergy 
to this antibiotic. 


WARNINGS-Pseudomembranous colitis has been reported with nearly all anti- 
bacterial agents, including aztreonam, and may range in severity from mild to life- 
threatening. Therefore, it is important to consider this diagnosis in patients who 
present with diarrhea subsequent to the administration of antibacterial agents. 

Treatment with antibacterial agents alters the normal flora of the colon and may 
permit overgrowth of clostridia. Studies indicate that a toxin produced by Clostridium 
difficile is one primary cause of “antibiotic-associated colitis.” 

After the diagnosis of pseudomembranous colitis has been established, therapeutic 
measures should be initiated. Mild cases of pseudomembranous colitis usually re- 
spond to drug discontinuation alone. In moderate to severe cases, consideration should 
be given to management with fluids and , Protein supplementation, and treat- 
ment with an oral antibacterial drug effective against C. difficile (e.g., vancomycin). 


SE SSE EE E 
*Efficacy for this organism in this organ system was studied in fewer than ten infections. 


® 


Careful incuiry should be made for a history of hypersensitivity reaction to any an 
tibiotic or other drugs. Antibiotics should be given with caution to any patient whi 
has had some form of allergy, particularly to drugs. It is recommended that patient 
who have ^ad immediate hypersensitivity reactions (e.g., anaphylactic or urticarial 
to penicillins and/or cephalosporins should be followed with special care. If an al 
lergic reaction to aztreonam occurs, discontinue the drug and institute supportiv 
treatment as appropriate (e.g., maintenance of ventilation, pressor amines, antihis 
tamines, corticosteroids). Serious hypersensitivity reactions may require epinephrin 
and other smergency measures. 


PRECAUTIONS-General: In patients with impaired hepatic or renal function, appro 
priate monitoring is recommended during therapy. If an aminoglycoside is used con 
currently with aztreonam, especially if high dosages of the former are used or i 
therapy is prolonged, renal function should be monitored because of the potentia 
nephrotoxicity and ototoxicity of aminoglycoside antibiotics. The use of antibiotics 
may promote the overgrowth of nonsusceptible organisms, including gram-positive 
organisms and fungi. Should superinfection occur during therapy, appropriate measures 
should be taken. 


Carcinogenesis, Mutagenesis, impairment of Fertility~Carcinogenicity studies in 
animals heve not been performed. Genetic toxicology studies performed in vivo and 
in vitro wita aztreonam in several standard laboratory models revealed no evidence 
of mutagenic potential at the chromosomal or gene level. Two-generation reproduction 
Studies in rats at daily doses up to 20 times the maximum recommended human 
dose, prio: to and during gestation and lactation, revealed no evidence of impaired 
fertility. There was a slightly reduced survival rate during the lactation period in the 
offspring cf rats that received the highest dosage, but not in offspring of rats that re- 
ceived five times the maximum recommended human dose. 


Pregnancy-Pregnancy Category B: Aztreonam crosses the placenta and enters the 
fetal circulation. Studies in pregnant rats and rabbits, with daily doses up to 15 and 5 
times, respectively, the maximum recommended human dose, revealed no evidence 
of embryo or fetotoxicity or teratogenicity. No drug induced changes were seen in 
any of the maternal, fetal or neonatal parameters that were monitored in rats receiving 
15 times the maximum recommended human dose of aztreonam during late gestation 
and lactation. There are no adequate and well-controlled studies in pregnant women. 
Because animal reproduction studies are not always predictive of human response, 
aztreonam should be used during pregnancy only if clearly needed. 


Nursing Mothers-Aztreonam is excreted in breast milk in concentrations that are 
less than 1% of concentrations determined in simultaneously obtained maternal 
serum; Consideration should be given to temporary discontinuation of nursing and 
use of formula feedings. 


Pediatric Lse-Safety and effectiveness have not been established in infants and children. 


ADVERSE REACTIONS-Local reactions such as phlebitis/thrombophlebitis following 
IV administration, and discomfort/swelling at the injection site following IM admin- 
istration occurred at rates of approximately 1.9% and 2.4%, respectively. Systemic 
reactions (considered to be related to therapy or of uncertain etiology) occurring at an 
incidence of 1 to 1.3% include diarrhea, nausea and/or vomiting, and rash. Reactions 
occurring at an incidence of less than 1% are listed within each body system in order 
of decreasing severity: Hypersensitivity-anaphylaxis, angioedema, bronchospasm. 
Hematologic—pancytopenia, neutropenia, thrombocytopenia, anemia, leukocytosis, 
thrombocyosis. Gastrointestinal-abdominal Cramps; rare cases of C. difficile-associated 
diarrhea, including pseudomembranous colitis, or gastrointestinal bleeding have been 
reported. Onset of pseudomembranous colitis symptoms may occur during or after 
antibiotic teatment (see WARNINGS). Dermatologic-purpura, erythema multiforme, 
urticaria, exfoliative dermatitis, petechiae, pruritus, diaphoresis. Cardiovascular-hypo- 
tension, transient ECG changes (ventricular bigeminy and PVC). Respiratory-one 
patient experienced flushing, chest pain, and dyspnea. Hepatobiliary—hepatitis, 
jaundice. Wervous System-seizure, confusion, vertigo, paresthesia, insomnia, dizzi- 
ness. Museuloskeletal—-muscular aches. Special Senses-tinnitus, diplopia, mouth ulcer, 
altered tase, numb tongue, sneezing and nasal congestion, halitosis. Other—-vaginal 
candidias's, vaginitis, breast tenderness. Body as a Whole-weakness, headache, 
fever, malaise. 


Adverse Laboratory Changes-Those reported without regard to drug relationship 
during clinscal trials were: Hepatic-elevations of AST (SGOT), ALT (SGPT), and alkaline 
phosphatase; signs or symptoms of hepatobiliary dysfunction occurred in less than 1% 
of recipieres (see above). Hemic-increases in prothrombin and partial thromboplastin 
times, eosmophilia, positive Coombs test. Rena/—increases in serum creatinine. 


OVERDOSAGE-f necessary, aztreonam may be cleared from the serum by hemo- 
dialysis and/or peritoneal dialysis. 


DOSAGE AND ADMINISTRATION-Dosage adjustments are. recommended for pa- 
tients with mpaired renal function. In elderly patients, estimates of creatinine clearance 
should be obtained and appropriate dosage modifications made if necessary. 


HOW SUPPLIED-AZACTAM For Injection (Aztreonam For Injection)—Lyophilized-is 
supplied in single-dose 15 mL vials containing 500 mg, or 1 g/vial; in single-dose 
30 mL vials containing 2 g/vial; and in single-dose 100 mL intravenous infusion bot- 
tles contaming 500 mg or 1 g or 2 g/bottle. 


Consult package insert before prescribing AZACTAM (aztreonam). (J4-231E) 


References: 1. Data on file, Squibb Institute for Medical Research. 2. Saxon A, Beall GN, Rotr AS, et al: Immediate hypersensitivity reactions to beta-lactam 


antibiotics. Ann Intern Med 107:204-215, 1987. 
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ARCHIVES 


Early Oral Feeding Following Removal of Nasogastric Tube in 
Gastrointestinal Operations: A Randomized Prospective Study 
Amitai Bickel, MD; Benjamin Shtamler, MD; Solly Mizrahi, MD 


è Early solid intake immediately after nasogastric tube removal can safely be used 
in gastrointestinal operations. 
Invited Commentary: Byron McGregor, MD 


Lymphadenectomy in Gastric Carcinoma: 

A Prospective and Prognostic Study 

Joachim Jaehne, MD; Hans-Joachim Meyer, MD; Hansjörg Maschek, MD; 
Heinz Geerlings, Dipl Math; Elke Bruns, MD; Rudolf Pichlmayr, MD 


è Patients with fewer than six metastatic nodes showed a survival not significantly 
different from that of patients with negative nodes. 


The Roux Stasis Syndrome: Treatment by Pacing and 
Prevention by Use of an ‘Uncut’ Roux Limb 
Brent W. Miedema, MD, Keith A. Kelly, MD 


@ The uncut Roux limb may prevent ectapic jejunal pacemakers and gastric stasis 
after Roux gastrectomy. 


Combined Carotid-Vertebral Arterial Trauma 

Rodney J. Landreneau, MD; John A. Weigelt, MD; 

Stephen M. Megison, MD; Donald E. Meier, MD; William J. Fry, MD 
è Routine angiography aided management of this highly lethal combination. 


Pattern and Distribution of Thrombi 

in Acute Venous Thrombosis 

Arie Markel, MD; Richard A. Manzo, CCVT; 

Robert O. Bergelin, MS; D. Eugene Strandness, Jr, MD 


è The frequent involvement of both limbs stresses the importance of not just 
examining the symptomatic limb. 


Postoperative Pulmonary Embolism After Hospital Discharge: 
An Underestimated Risk 

Olivier Huber, MD; Henri Bounameaux, MD; 

Francois Borst, MD; Adrien Rohner, MD 

@ At least one fourth of diagnosed pulmonary emboli occurred after hospital discharge. 


The Henry Operation for Incarcerated and 


Strangulated Femoral Hernias 
Stanley D. Berliner, MD; Leonard C. Burson, MD; Leslie Wise, MD 
è A subinguinal, inguinal, or preperitoneal approach permits the surgeon flexibility 


in managing femoral hernias. 
Invited Commentary: Byron McGregor, MD 


The Surgeon, Genetics, and Malignant Melanoma 
Henry T. Lynch, MD, Ramon M. Fusaro, MD, PhD 


Wound-Healing Complications Following 


Biopsy of the Irradiated Breast 

Richard D. Pezner, MD; John A. Lorant, MD; José Terz, MD; 
Jonathan Ben-Ezra, MD; Tamara Odom-Maryon, PhD; 
Kenneth H. Luk, MD 


è Cosmetic breast retraction was frequently associated with wound healing 
complications, especially wounds that teok over 1 month to heal. 


Effect of Combined Prednisolone, Epidural Analgesia, and 


Indomethacin on the Systemic Response After Colonic Surgery 
Svend Schulze, MD; Peter Sommer, MD; Dennis Bigler, MD; 

Mette Honnens, MD; Allan Shenkin, PhD; Anne M. Cruickshank, MB; 
Klaus Bukhave, CandScient; Henrik Kehlet, MD 


è A combined neural and humoral blockade may more effectively inhibit the global stress 


response to elective surgery. 
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ULCERATIVE COLITIS 
CAN STRIKE ANY FAMILY. 


We are all equally at risk. 

Young and old. Rich and poor. Black and white. 
Republican and Democrat. 

Ulcerative colitis and Crohn's disease don't discriminate. 

These two dangerous and misunderstood diseases now 
affect about two million Americans from every walk of life. 

The Bush family knows this only too well. 


In 1986, ulcerative colitis nearly claimed the life of the youngest Bush son, Marvin. ( 


remove his entire large intestine saved him. 





Until we find a cure, countless others will endure the agory and humiliation of these 


diseases. 
The hope is education and research. 
Marvin Bush and the Bush family urge you to learn more about 


how the Crohn's & Colitis Foundation of America is helping victims 
and their families. 


Together we can make a difference. 
Because the only thing shameful about these diseases is that 
there's still no cure. 
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Studies Establish 
d Bacterial Killing. 











In Vitro Studies Establish 
A Breakthrough In 
Faster Bacterial Killing. 


Ciprofloxacin kills Pseudomonas aeruginosa’ faster 
than other antimicrobials in vitro 








Bacterial killing within 2 to 22 hours 
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Cipro® I.V. 
(ciprofloxacin) 
For Intravenous Infusion 


BRIEF SUMMARY 
CONSULT PACKAGE INSERT FOR FULL 
PRESCRIBING INFORMATION 


INDICATIONS AND USAGE 
Cipro? IV. is indicated for the treatment of infections caused by susceptible strains 
of the designated microorganisms in the conditions listed below when the intra- 
venous administration offers a route of administration advantageous to the patient: 
Urinary Tract Infections—mild, moderate, severe and complicated 
infections caused by Escherichia coli (including cases with secondary bacteremia), 
Klebsiella pneumoniae subspecies pneumoniae, Enterobacter cloacae, Serratia 
marcescens, Proteus mirabilis, Providencia pe Morganella morganii, 
Citrobacter diversus, Citrobacter treundii, Pseudomonas aeruginosa, 
al Seer epidermidis, and Enterococcus faecalis. 
ipro? I.V. is also indicated for the treatment of mild to moderate lower 

respiratory tract infections, skin and skin structure infections and bone and joint 
infections due to the organisms listed in each section below. In severe and 
complicated lower respiratory tract infections, skin and skin structure infections and 
bone and joint infections, safety and effectiveness of the iv formulation have not 
been established. 
Lower Respiratory Infections—mild to moderate infections caused by 
Escherichia coli, Klebsiella pneumoniae subspecies pneumoniae, Enterobacter 
cloacae, Proteus mirabilis, Pseudomonas aeruginosa, Haemophilus influenzae, 
Haemophilus paraintluenzae and Streptococcus pneumoniae 
Skin and Skin Structure Infections—mild to moderate infections caused 
by Escherichia coli, Klebsiella pneumoniae subspecies pneumoniae, Enterobacter 
cloacae, Proteus mirabilis, Proteus vulgaris, Providencia stuartii, Morganella 
morganii, Citrobacter freundii, Pseudomonas aeruginosa, Staphylococcus aureus, 
Staphylococcus epidermidis, and Streptococcus pyogenes 
Bone and Joint Infections—mild to moderate infections caused by 
Enterobacter cloacae, Serratia marcescens, and Pseudomonas aeruginosa 

If anaerobic organisms are suspected of contributing to the infection, 
appropriate therapy should be administered 

Appropriate culture and susceptibility tests should be performed before 
treatment in order to isolate and identify organisms causing infection and to 
determine their susceptibility to ciprofloxacin. Therapy with Cipro” I.V. may be 
initiated before results of these tests are known; cnce results become available, 
appropriate therapy should be continued 

As with other drugs, some strains of Pseudomonas aeruginosa may develop 
resistance fairly rapidly during treatment with ciprofloxacin. Culture and 
susceptibility testing performed periodically during therapy will provide information 
not only on the therapeutic effect of the antimicrobial agent but also on the possible 
emergence of bacterial resistance 

CONTRAINDICATIONS 

Cipro” I.V. (ciprofloxacin) is contraindicated in persons with a history of hyper- 
sensitivity to ciprofloxacin or any member of the quinolone class of antimicrobial 


agents 

, WARNINGS 

THE SAFETY AND EFFECTIVENESS OF CIPROFLOXACIN IN CHILDREN, 
ADOLESCENTS (LESS THAN 18 YEARS OF AGE), PREGNANT WOMEN, 
AND LACTATING WOMEN HAVE NOT BEEN ESTABLISHED. (SEE 
PRECAUTIONS—PEDIATRIC USE, PREGNANCY AND NURSING 
MOTHERS SUBSECTIONS.) Ciprofloxacin causes lameness in immature dogs. 
Histopathological examination of the weight-bearing joints of these dogs revealed 
permanent lesions of the cartilage. Related quinolone-class drugs also produce 
erosions of cartilage of weight-bearing joints and other signs of arthropathy in 
immature animals of various species. (See ANIMAL PHARMACOLOGY section in 
full prescribing information.) 

Convulsions have been reported in patients receiving ciprofloxacin. 

Convulsions, increased intracranial pressure, and toxic psychosis have been 
reported in patients receiving ciprofloxacin and other drugs of this class. 
Quinolones may also cause central nervous system (CNS) stimulation which may 
lead to tremors, restlessness, lightheadedness, confusion and hallucinations. If 
these reactions occur in patients receiving ciprotloxacin, the drug should be 
discontinued and appropriate measures instituted. As with all quinolones, 
ciprofloxacin should be used with caution in patients with known or suspected CNS 
disorders, such as severe cerebral arteriosclerosis, epilepsy, and other factors that 
predispose to seizures. (See ADVERSE REACTIONS.) 
SERIOUS AND FATAL REACTIONS HAVE BEEN REPORTED IN PATIENTS 
RECEIVING CONCURRENT ADMINISTRATION OF INTRAVENOUS 
CIPROFLOXACIN AND THEOPHYLLINE. These reactions have included cardiac 
arrest, seizure, status epilepticus and respiratory failure. Although similar serious 
adverse events have been reported in patients receiving theophylline alone, the 
possibility that these reactions may be potentiated by ciprofloxacin cannot be 
eliminated. If concomitant use cannot be avoided, serum levels of theophylline 
should be monitored and dosage adjustments made as appropriate 

Serious and occasionally fatal hypersensitivity anaphylactic) reactions, some 
following the first dose, have been reported in patients receiving quinolone therapy. 
Some reactions were accompanied by cardiovascular collapse, loss of 
consciousness, tingling, pharyngeal or facial edema, dyspnea. urticaria, and itching 
Only a few patients had a history of hypersensitivity reactions. Serious anaphylactic 
reactions require immediate emergency treatment with epinephrine and other 
resuscitation measures, including oxygen, intravenous fluids, intravenous 
antihistamines, corticosteroids, pressor amines and airway management, as 
Clinically indicated 

Severe hypersensitivity reactions characterized by rash, fever, eosinophilia, 
jaundice, and hepatic necrosis with fatal outcome have also been reported extremely 
rarely in patients receiving ciprofloxacin along with other drugs. The possibility that 
these reactions were related to ciprofloxacin cannot be excluded. Ciprofloxacin 
should be discontinued at the first appearance of a skin rash or any other sign of 
hypersensitivity 
Pseudomembranous colitis has been reported with nearly all 
antibacterial agents, seta eona and may range in severity 
from mild to life-threatening. Therefore, it is important to consider this 
diagnosis in patients who present with diarrhea subsequent to the 
administration of antibacterial agents. 

Treatment with antibacterial agents alters the normal flora of the colon and may 
permit overgrowth of clostridia. Studies indicate that a toxin produced by 
Clostridium difficile is one primary cause ot “antibiotic-associated colitis.” 

After the diagnosis of pseudomembranous colitis has been established, 
therapeutic measures should be initiated. Mild cases of pseudomembranous colitis 
usually respond to drug discontinuation alone. In moderate to severe cases, 
consideration should be given to management with fluids and electrolytes, protein 
supplementation, and treatment with an antibacterial drug effective against C 


difficile 

PRECAUTIONS 
General: INTRAVENOUS CIPROFLOXACIN SHOULD BE ADMINISTERED BY 
SLOW INFUSION OVER A PERIOD OF 60 MINUTES. Local iv site reactions have 
been reported with the intravenous administration of ciprofloxacin. These reactions 
are more frequent if infusion time is 30 minutes or less or if small veins of the hand 
are used. (See ADVERSE REACTIONS ) 

Crystals of ciprofloxacin have been observed rarely in the urine of human 
subjects but more Konen in the urine of laboratory animals, which is usually 
alkaline. (See ANIMAL PHARMACOLOGY section in full prescribing intormation.) 
Crystalluria related to ciprofloxacin has been reported only rarely in humans 
because human urine is usually acidic. Alkalinity of tne urine should be avoided in 
patients receiving ciprofloxacin. Patients should be well hydrated to prevent the 
formation of highly concentrated urine 

Alteration of the dosage regimen is necessary for patients with impairment of 
renal function. (See DOSAGE AND ADMINISTRATION ) 

Moderate to severe phototoxicity manifested by an exaggerated sunburn 
reaction has been observed in some patients who were exposed to direct sunlight 
while receiving some members of the quinolone class of drugs. Excessive sunlight 


should be avoided 

As with any potent drug, periodic assessment af organ system functions, 
including renal, hepatic, and hematopoietic, is advisable-during prolonged therapy 
Information for Patients: Patients should be advised tha! ciprofloxacin may be 
associated with hypersensitivity reactions, even following a single dose, and to 
discontinue the drug at the first sign of a skin rash or other allergic reaction 

Ciprofloxacin may cause dizziness and lightheacedness; therefore, patients 
should know how they react to this drug before they operate an automobile or 
machinery of engage in activities requiring mental alertness or coordination. 

Patients should be advised that ciprofloxacin may increase the effects of 

theophylline and caffeine. There is a possibility of caffeine accumulaion when 
products containing caffeine are consumed while taking suinolones. 
Drug Interactions: As with other quinolones, comcurrent administration of 
ciprofloxacin witn theophylline may lead to elevatec serum concentrations of 
theophylline and prolongation of its elimination half-life. This may result in 
increased risk of theophylline-related adverse reacttans. (See WARNINGS.) If 
concomitant use cannot be avoided, serum levels et theophylline should be 
monitored and dosage adjustments made as appropriate. 

Some quinolones, including ciprofloxacin, have also been shown to interfere 
with the metabolism of caffeine. This may lead to reduced clearance of caffeine and 
a prolongation of its serum half-life. 

Some quinolones, including ciprofloxacin, have bean associated with transient 
elevations in serum creatinine in patients receiving cyclosporine concomitently 

Quinolones have been reported to enhance the etfeets of the oral anticoagulant 
warfarin or its derivatives. When these products are administered concomitantly, 
prothrombin time or other suitable coagulation tests should be closely monitored. 

Probenecid interferes with renal tubular secretion of ciprofloxacin and produces 
an increase in the level of ciprofloxacin in the serum. This should be corsidered if 
patients are receiving both drugs concomitantly 

As with other broad-spectrum antimicrobial agents, prolonged use of 
ciprofloxacin may result in overgrowth of nonsusceplible organisms. Repeated 
evaluation of the patient's condition and microbial susceptibility testing are 
— If superinfection occurs during therapy, appropriate measures should be 
aken 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Eigh: in vitro 
Neee ai tests have been conducted with ciprofloxæin. Test results are listed 
below 

Salmonella/Microsome Test (Negative) 

E coli DNA Repair Assay (Negative) 

Mouse Lymphoma Cell Forward Mutation Assay (Pcsitive 

Chinese Hamster V7g Cell HGPRT Test (Negative) 

Syrian Hamster Embivo Cell Transformation Assay (Negative) 

Saccharomyces cerevisiae Point Mutation Assay (Negative) 

Saccharomyces cerevisiae Mitotic Crossover and Gene Conversion 

Assay (Negative) 

Rat Hepatocyte DNA Repair Assay (Positive) 

Thus, two of the eight tests were positive, but results of the following three in vivo 
test systems gave negative results: 
at Hepatocyte DNA Repair Assay 

Micronucleus Test (Mice) 

Dominant Lethal Test (Mice) 

Long-term carcinogenicity studies in mice and rats have ween completed. After daily 
Ora! dosing for up to 2 years, there is no evidence tiat ciprofloxacin has any 
carcinogenic or tumorigenic effects in these species 
Pregnancy: Teratogenic Effects. Pregnancy Category C: Reproduction 
Studies have been performed in rats and mice at doses up to 6 times the usual daily 
human dose and have revealed no evidence of impaired fertility or harm to the fetus 
due to ciprofloxacin. In rabbits, ciprofloxacin (30 and 100 mg/kg orally) oroduced 
gastrointestinal disturbances resulting in maternal weight Iess and an mcreased 
incidence of abortion. No teratogenicity was observed at either dose. After 
intravenous administration of doses up to 20 mg/kg, no maternal tox city was 
produced, and no embryotoxicity or teratogenicity was observed. There are, 
however, no adequate and well-controlled studies in pregeant women. Ciprofloxacin 
should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. (See WARNINGS.) 
Nursing Mothers: Ciprofloxacin is excreted in human milk Because of the 
potential for serious adverse reactions in infants nursing from mothers taking 
ciprofloxacin, a decision should be made either to dtscontinue nursing or to 
discontinue the drug, taking into account the importance o’ the drug to the mother. 
Pediatric Use: Safety and effectiveness in children anc adolescents less than 18 
years of a not been established. Ciprofloxacin causes arthropathy ir juvenile 
animals. (See WARNINGS.) 

ADVERSE REACTIONS 
The most frequently reported events, without regard to drug relationship. among 
patients treated with intravenous ciprofloxacin were nausea, diarrhea. central 
nervous system disturbance, local iv site reactions, abnormalities of liver associated 
enzymes (hepatic enzymes) and eosinophilia. Headache, mstlessness and rash were 
also noted in greater than 1% of patients treated with the most common doses of 
Ciprofloxacin 

Local iv site reactions have been reported with the intravenous administration 
of ciprofloxacin. These reactions are more frequent if the infusion time is 30 minutes 
or less. These may appear as local skin reactions whch resolve rapidly upon 
completion of the infusion. Subsequent intravenous administration is not 
contraindicated unless the reactions recur or worsen 

Additional events, without regard to drug relationship or toute of 
administration, that occurred in 1% or less of ciprofloxacir courses are listed below 

GASTROINTESTINAL: ileus; jaundice; gastrointestmal bleeding; C. difficile 
associated diarrhea; pseudomembranous colitis; pancreatitis; hepatic necrosis; 
intestinal perforation; dyspepsia; epigastric or abcominal pain; vomiting; 
N, oral ulceration; oral candidiasis, mouth dryæess; anorexia; dysphagia; 
latulence 

CENTRAL NERVOUS SYSTEM: convulsive seizures, saranoia, toxic psychosis, 
depression, dysphasia, phobia, depersonaliza'ion, manic reaction, 
unresponsiveness, ataxia, confusion, hallucinations, diziness, lightheadedness, 
paresthesia, anxiety, tremor, insomnia, nightmares, weakness, drowsiness, 
irritability, malaise, letharg 

SKIN/HY PERSENSITIVITY anaphylactic reactions; erythema muRiforme/ 
Stevens-Johnson syndrome; exfoliative dermatitis, toxic epidermal necrolysis; 
vasculitis; angioedema; edema of the lips, face, neck, comjunctivae, hands or lower 
extremities; purpura; fever; chills: flushing; pruritus, urticaria, cu'aneous 
Candidiasis: vesicles; increased perspiration, hypersigmentation; e-ythema 
nodosum; photosensitivity. 

Aliergic reactions ranging from urticaria to anaphylactic reactions heve been 
reported. (See WARNINGS. ) 

SPECIAL SENSES: decreased visual acuity, blurrec vision, disturbed vision 
(flashing lights, change in color perception, overbrightness of lights, diplopia), eye 
pain. anosmia hearing loss, tinnitus, nystagmus, a bad taste 

MUSCULOSKELETAL: joint pain; jaw, arm or back pain; joint stiffness; neck 
and chest pain; achiness; flare-up of gout. 

RENAL/UROGENITAL: renal failure, interstitial nepheitis, hemorrhagic cystitis 
renal calculi, frequent urination, acidosis. urethral bleeding, polyuria, urinary 
retention, gynecomastia, candiduria, vaginitis. Crystallura, cylindruria, hematuria, 
and albuminuria have also been reported 

CARDIOVASCULAR: cardiovascular collapse, cardiopulmonary arrest, 
myocardial infarction, arrhythmia, tachycardia, palpitatwn, cerebral thrombosis, 
syncope, cardiac murmur, hypertension, hypotension, angina pectoris. 

RESPIRATORY: respiratory arrest, pulmonary embolssm, dyspnea, pulmonary 
edema, res trr Reap pleural effusion, hemoptysis, epistaxis, hiccoug). 

IV INFUSION SITE: thrombophlebitis, burning, pam, pruritus, paresthesia, 
erythema, swelling 

Also reported were agranulocytosis, prolongation af prothrombin tme and 
possible exacerbation of myasthenia gravis 

Many of these events were described as only milc or moderate in severity, 
abated soon after the drug was discontinued and required mo treatment. 

In several instances, nausea, vomiting, tremor, irritability or palpitation were 
judged by investigators to be related to elevated serum levels of theaphylline 
possibly as a result of ig Merde with ciprofloxacin 
Adverse Laboratory Changes: The most trequer'ly reported changes in 
laboratory parameters with intravenous ciprofloxacin therapy, without regarc to drug 
relationship, were 


Hepatic—Elevations of AST (SGOT), ALT (SGPT), alkaline phosphatase, LDH 
and serum bilirubin. 

Hematologic—Elevated eosinophil and platelet counts, decreased platelet 
counts, hemoglobin and/or hematocrit. 

Renal-Elevations of serum creatinine, BUN, uric acid. 

Otner—Elevations of serum creatinine phosphokinase, serum theophylline (in 
patients receiving theophylline concomitantly), blood glucose, and triglycerides. 

Other changes occurring infrequently were: decreased leukocyte count, 
elevated atypical lymphocyte count, immature WBCs, elevated serum calcium, 
elevation of serum gamma-glutamyl! transpeptidase (yGT), decreased BUN, 
decreased uric acid, decreased total serum protein, decreased serum albumin, 
decreased serum potassium, elevated serum potassium, elevated serum cholesterol 

Otner changes occurring rarely during administration of ciprofloxacin were: 
elevation of serum amylase, decrease of blood glucose, pancytopenia, leukocytosis, 
elevated sedimentation rate, change in serum phenytoin, decreased prothrombin 
time, hemolytic anemia, and bleeding diathesis 

OVERDOSAGE 

In the event of acute overdosage, the patient should be carefully observed and given 
supportive treatment. Adequate hydration must be maintained. Only a small amount 
of ciprofloxacin (<10%) is removed from the body after hemodialysis or peritoneal 


dialysis DOSAGE AND ADMINISTRATION 

The recommended adult dosage for urinary tract infections of mild to moderate 
severity is 200 mg every 12 hours. For severe or complicated urinary tract infections 
the recommended dosage is 400 mg every 12 hours. 

The recommended adult dosage for lower respiratory tract infections, skin and 
skin structure infections and bone and joint infections of mild to moderate severity is 
400 mg every 12 hours. 

The determination of dosage for any particular patient must take into 
consideration the severity and nature of the infection, the susceptibility of the 
causative organism, the integrity of the patient's host-defense mechanisms and the 
status of renal and hepatic function. 


DOSAGE GUIDELINES 
Intravenous Daily 


Location of Infection Type or Severity Unit Dose Frequency Dose 


Urinary tract Mild/Moderate 200 m 12h 400m 


Severe/Complicated 400 mg q12h 800mg 
Lower Respiratory tract; 
Skin and Skin Structure; Mild/Moderate 400 mg q12h 800mg 
Bone and Joint 


Cipro® |.V. should be administered by intravenous infusion over a 
period of 60 minutes. 

The duration of treatment depends upon the severity of infection. Generally, 
ciprofloxacin should be continued for at least 2 days after the signs and symptoms 
of infection have disappeared. The usual duration is 7 to 14 days. Bone and joint 
infections may require treatment for 4 to 6 weeks or longer 

Ciprotloxacin hydrochloride tablets (Cipro®) for oral administration are 
available. Parenteral therapy may be changed to oral Cipro® tablets when the 
condition warrants, at the discretion of the physician. For complete dosage and 
administration information, see Cipro® tablet package insert 
Impaired Renal Function: The following table provides dosage guidelines for 
use in patients with renal impairment; however, monitoring of serum drug levels 
provides the most reliable basis for dosage adjustment. 

RECOMMENDED STARTING AND MAINTENANCE DOSES 
FOR PATIENTS WITH IMPAIRED RENAL FUNCTION 





Creatinine Clearance Dosage 
(mL/min) 
>30 See usual dosage 
5 - 29 200 - 400 mg q 18 - 24 hr 


When only the serum creatinine concentration is known, the following formula may 


be used to estimate creatinine clearance 
Men: Creatinine 


| - 
clearance (mL/min)= 72 x serum creatinine fragd ) 


Women: 0.85 x the value calculated for men 


Tne serum creatinine should represent a steady state of renal function. 

For patients with changing renal function or for patients with renal impairment 
and hepatic insufficiency, measurement of serum concentrations of ciprofloxacin will 
provide additional guidance for adjusting dosage. 

INTRAVENOUS ADMINISTRATION 
Cipro? | V. should be administered by intravenous infusion over a period of 60W 
minutes. Slow infusion of a dilute solution into a large vein will minimize patient 
discomfort and reduce the risk of venous irritation. 
Vials (Injection Concentrate): THIS PREPARATION MUST BE DILUTED® 
BEFORE USE. The intravenous dose should be prepared by asepticall me 
withdrawing the appropriate volume of concentrate from the vials of Cipro® 1.V. This 
should be diluted with a suitable intravenous solution to a final concentration of 1-2 
mpm. (See COMPATIBILITY AND STABILITY.) The resulting solution should be 
infused over a period of 60 minutes by direct infusion or through a Y-type 
intravenous infusion set which may already be in place. 

lf this method or the “piggyback” method of administration is used, it ise 
advisable to discontinue temporarily the administration of any other solutions during 
the infusion of Cipro? I.V 
Flexible Containers: Cipro” I.V. ıs also available as a 0.2% premixed solution ir 
5% dextrose in flexible containers of 100 mL or 200 mL. The solutions in flexible 
containers may be infused as described above. 

COMPATIBILITY AND STABILITY 

Ciprofloxacin injection 1% (10 mg/mL), when diluted with the following intravenou 
solutions to concentrations of 0.5 to 2.0 mg/mL, is stable for up to 14 days ame 
refrigerated or room temperature storage. 

0.9% Sodium Chloride Injection, USP 

5% Dextrose Injection, USP 
If Cipro” I.V. is to be given concomitantly with another drug, each drug should b 
given separately in accordance with the recommended dosage and route ow 
administration foreach drug. HOW SUPPLIED 
Cipro” |.V. (ciprofloxacin) is available as a clear, colorless to shanty yellows i 
solution. Cipro? |.V. is available in 200 mg and 400 mg strengths. The concentrate 
is Supplied in vials while the premixed solution is supplied in flexible containers a 


follows: 

CONTAINER SIZE STRENGTH NDC NUMBER 

Vial 20 mL 200 mg, 1% 0026-8562-20 
40 mL 400 mg, 1% 0026-8564-64 

Flexible 

Container: 100 mL 5% dextrose 200 mg, 0.2% 0026-8552-36 
200 mL 5% dextrose 400 mg, 0.2% 0026-8554-63 
STORAGE 
Vials Store between 41 - 77°F (5 - 25°C). 


Flexible Container. Store between 41 - 77°F (5 - 25°C). 

Protect from light, avoid excessive heat, protect from freezing 

Ciprofloxacin is also available as Cipro® (ciprotloxacin HCI) Tablets 250, 50% 
and 750 mg 
Caution: Federal (USA) Law prohibits dispensing without a prescriptions 
P2100735 Issued: January, 1991 Bay q 3939 5202-4-A-U.S-1 
06-4745 © 1991 Miles Inc. 1578 
References: 1. Traub WH, Spohr M. Bauer D. Pseudomonas aeruginosa in vite 
susceptibility to antimicrobial drugs, single and combined, with and without deli brinate 
human blood. Chemotherapy 1988,34 284-297. 2. Data on tile, Miles Inc Pharmaceutic 
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ARCHIVES 


Improvement in Outcome From Trauma Center Care 

Howard R. Champion, FRCS(Edin); William J. Sacco, PhD; 

Wayne S. Copes, PhD 

è A statistically significant difference in survival is found, with a mean of 13.44 more 


survivors per 100 patients treated per year with Injury Severity Scores above 15. 
Invited Commentary: J. David Richardson, MD 





333 


Effect of Venous Valves on Grafts for Coronary Artery Bypass 339 
Saihou Hayashi, MD; Shintaro Fukunaga, PhD; Hiroshi Ishiara, MD; 
Yoshiharu Hamanaka, MD; Taijiro Sueda, MD; Yuichiro Matsuura, MD 
è Normally functioning valves would be unlikely to cause thrombus formation; 
valve preservation may be desirable in CABG. 


CLINICAL OBSERVATIONS 


Antiphospholipid Antibodies and Arterial Thrombosis: 
Case Reports and a Review of the Literature 

Gregory S. McGee, MD; William H. Pearce, MD; Leena Sharma, MD; 
David Green, MD, PhD; James S. T. Yao, MD, PhD 


342 


Cardiac Rupture From Blunt Trauma With Atrial Septal Defect 347 


Earl D. Baumgartel, MD 


Pancreaticoduodenectomy Without Homologous Blood 349 


Transfusion in an Anemic Jehovah’s Witness 
Umur Atabek, MD; Richard K. Spence, MD; Mark Pello, MD; 
James Alexander, MD; Rudolph Camishion, MD 


SURGICAL HISTORY 


History and Current Status of Scoring Systems for Critical Care 
David H. Wisner, MD 


è There are limitations of such scoring systems in the treatment of individual patients; 
improvement and refinement of existing scoring systems must be kept in mind. 


TECHNIQUES 


Autologous Whole Plasma Fibrin Gel: 


Intraoperative Procurement 
Alan R. Hartman, MD; Dennis K. Galanakis, MD; Mark P. Honig, MD; 
Frank C. Seifert, MD; Constantine E. Anagnostopoulos, MD 


e Autologous whole plasma fibrin gel is inexpensive and safe and eliminates the risk of 
viral transmission associated with glue derived from heterologous donor plasma. 


CORRECTION 


Pediatric Nonrhabdomyosarcomas of the Extremities: 


Influence of Size, Invasiveness, and Grade on Outcome 
Bhaskar N. Rao, MD; Victor M. Santana, MD; David Parham, MD; 
Charles B. Pratt, MD; Irving D. Fleming, MD; Melissa Hudson, MD; 
James Fontanesi, MD; Paul Philippe, MD; Michael J. Schell, PHD 


IN MEMORIAM 
J. Garrott Allen 
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t It is recommended that intramuscular TORADOL be limited to short-term 


t Drowsiness has been reported in 3% to 9% of patients 


§ TORADOL” and narcotics may be administered concomitantly, but not in the same 









*The most serious risks associated 
with TORADOL? (ketorolac 
tromethamine) injection are gastrointestinal 
ulcerations, bleeding and perforation; renal 
events ranging from interstitial nephritis to acute renal 
failure, especially in patients with pre-existing kidney 
problems; hemorrhage; and hypersensitivity reactions. 
See “Warnings,” “Precautions” and “Adverse Reactions” 
sections of product information. 


therapy (not over 5 days), because the frequency and severity of adverse 
reactions may increase with longer use at recommended doses. 


syringe. 

References: 1. Brandon Bravo LIC, et al. The effects on ventilation of ketorolac in comparison with merphine. 

Eur J Clin Pharmacol. 1988;35:491-494. 2. Data on file, Syntex Laboratories, Inc. (ICM studies: 994 1060, 1234, 
1254, 1302). [TORADOL 30 mg IM (N=509), morphine 10 mg/12 mg IM (N=151) multidose studies, TORADOL 
30 mg IM (N=103), meperidine 100 mg IM (N=102) single-dose studies. Nausea: TORADOL 8%, morphine 21%/ 
TORADOL 3%, meperidine 20%; Vomiting: TORADOL 5%, morphine 9%/TORADOL 1%, meperidine 12%; Somnolence: 
TORADOL 14%, morphine 34%/TORADOL 6%, meperidine 14%; CNS Effects: TORADOL 23%, morphine 44%/ 
TORADOL 21%, meperidine 30%.] 3. Data on file, Syntex Laboratories, Inc. (ICM study: 1324). 


TORADOL®™ (ketorolac tromethamine) is a product of Syntex Laboratories, Inc. 
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NARCOTIC COMPLICATIONS 





For the Short-term 
Management of Pain‘ 


The first injectable analgesic NSAID— 
TORADOL 30 mg IM—as effective 

as meperidine 100 mg IM and 

morphine 12 mg IM 

No respiratory depression’ 

Less nausea and vomiting, fewer CNS effects’ 


Nonsedating’ as compared with placebo’"— 
important for ambulatory procedures 













Compatible with prn narcotics’ 


Nonopiate. Nonaddictive. Nonscheduled. 


mediately Following General Surge 
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INJECTION 
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N ketorolac tromethamine 












15,30,60 MG 


À : 


Tubex” is a registered trademark of Wyeth-Ayerst Laboratories. 
Please turn page for summary of complete product information. 
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15, 30,60 MG 


ketorolac tromethamine 


TORADOL® (ketorolac tromethamine) Injection is available for intramuscular (IM) administration as: 15 mag in 1 mL (1.5%), 
30 mg in 1 mL (3%), or 60 mg in 2 mL (3%) of ketorolac tromethamine in sterile solution. The 15 mg/mL salution contains 
10% (w/v) alcohol, USP, and 6.68 mg of sodium chloride in sterile water. The 30 mg/mL solution contains 10% (w/v) 
alcohol, USP, and 4.35 mg sodium chloride in sterile water. The pH is adjusted with sodium hydroxide or hydrochloric acid. 
The sterile solutions are clear and slightly yellow in color. Indications and Usage: TORADOLIM is indicated for the 
short-term management (up to 5 days) of pain. TORADOL is not recommended for longer use (more than 5 days) because of 
the possibility of increased frequency and severity of adverse reactions associated with the recommended doses (see 
WARNINGS, DOSAGE AND ADMINISTRATION and ADVERSE REACTIONS). TORADOL is not recommended as a 
preoperative medication for support of anesthesia, because it inhibits platelet aggregation and may prolong bleeding 
time (see PRECAUTIONS — Hematologic Effects) and because it possesses no sedative or anxiolytic properties. 
TORADOL is not recommended in obstetric analgesia because it has not been adequately studied fer such use and 
because of the known effects of drugs that inhibit prostaglandin synthesis on uterine contraction and fatal circulation. 
TORADOL is not recommended for routine use with other nonsteroidal anti-inflammatory drugs (NSAIDs) because of the 
potential for additive side effects. TORADOL protein-binding is affected by aspirin (see PRECAUTIONS) but not by 
acetaminophen, ibuprofen, naproxen or piroxicam; studies with other nonsteroidals have not been performed. TORADOL 
has been used concomitantly with morphine and meperidine without apparent adverse effects. Contraindications: 
TORADOL should not be used in patients with previously demonstrated hypersensitivity to ketorolac tromethamine, or in 
individuals with the complete or partial syndrome of nasal polyps, angioedema, bronchospastic reactivity.or other allergic 
manifestations to aspirin or other NSAIDs. Warnings: The use of parenteral TORADOL at recommended doses for more 
than 5 days is associated with an increased frequency and severity of adverse events. The most serious risks associated 
with TORADOL injection are: gastrointestinal ulcerations, bleeding and perforation (see PRECAUTIONS): renal events 
ranging from interstitial nephritis to acute renal failure (see PRECAUTIONS), especially in patients with pre-existing 
kidney problems; hemorrhage, especially in patients where strict hemostasis is critical (see PRECAUTIONS); hyper- 
sensitivity reactions such as anaphylaxis, bronchospasm, vascular collapse, urticaria, angioedema, Stevens-Johnson 
syndrome and vesicular bullous rash. Precautions: Physicians should be alert to the pharmacologic similarity of 
TORADOL to other NSAIDs that inhibit cyclo-oxygenase. General Precautions: Risk of Gastrointestinal Ulcerations, 
Bleeding and Perforation: Serious gastrointestinal toxicity, such as bleeding, ulceration, and perforation, can occur at any 
time, with or without warning symptoms, in patients treated with NSAIDs. Studies to dete with NSAIDs have not 
identified any subset of patients not at risk of developing peptic ulceration and bleeding. Except for a prior history of 
serious GI events and other risk factors known to be associated with peptic ulcer disease, such as alcoholism, smoking, 
etc., no other factors have been associated with increased risk. Elderly or debilitated patients seem to tolerate ulceration 
or bleeding less well than other individuals, and most spontaneous reports of fatal GI events are in this population. 
Postmarketing experience with TORADOLIM suggests that there may be a greater risk of gastrointestinal ulcerations, 
bleeding and perforation in the elderly. Studies so far are inconclusive concerning the relative risk of various NSAIDs in 
Causing such reactions. High doses of any such agent probably carry a greater risk of these reactions, although this is 
rarely established in controlled clinical trials. In considering the use of relatively large doses (within the recommended 
dosage range), or a treatment duration longer than 5 days (with TORADOL), sufficient benefit should be anticipated to 
offset the potential increased risk of GI toxicity. Impaired Renal or Hepatic Function: As with other NSAIDs, TORADOL 
injection should be used with caution in patients with impaired renal or hepatic function, or a history of kidney or liver 
disease. Renal Effects: As with other NSAIDs, administration of ketorolac tromethamine to animals resulted in renal 
papillary necrosis and other abnormal renal pathology. In humans, there have been reports of hematuria, proteinuria, 
glomerular nephritis, interstitial nephritis, renal papillary necrosis, nephrotic syndrome, and acute renal tailure. Another, 
equally important, renal toxicity has been seen in patients with conditions leading to a reduction in blood volume and/or 
renal blood flow, where renal prostaglandins have a supportive role in the maintenance of renal perfusion. In these 
patients, administration of an NSAID may cause a dose-dependent reduction in renal prostaglandin formation and may 
precipitate acute renal failure. Patients at greatest risk of this reaction are those with impaired renal function, heart 
failure, liver dysfunction, those taking diuretics and the elderly. Discontinuation of NSAID therapy is usually followed by 
recovery to the pretreatment state. TORADOL and its metabolites are eliminated primarily by the kidneys which, in 
patients with reduced creatinine clearance, will result in diminished clearance of the drug. Therefore, TORADOL should be 
used with caution in patients with impaired renal function (see WARNINGS and DOSAGE AND ADMINISTRATION) and 
such patients should be followed closely. Fluid Retention and Edema: As with other NSAIDs that inhibit prostaglandin 
biosynthesis, fluid retention, edema, retention of NaCl, oliguria, elevations of serum urea nitrogen andtrreatinine have 


_ been reported in clinical trials with TORADOL. Therefore. TORADOL should be used with caution in patients with acute 


renal failure, cardiac decompensation, hypertension, or similar conditions. Hepatic Effects: As with other NSAIDs, 
treatment with TORADOL injection may cause elevations of liver enzymes, and in patients with pre-existing liver 
dysfunction, it may lead to the development of a more severe hepatic reaction. The ALT (SGPT) test is probably the most 
sensitive indicator of liver injury. In patients with symptoms and signs Suggesting liver dysfunction..or in whom an 
abnormal liver test has occurred as a result of TORADOL therapy, the administration of the drug should be discontinued. 
Hematologic Effects: TORADOL inhibits platelet aggregation and may prolong bleeding time. Unlike aspimn, the inhibition 
of platelet function by TORADOL disappears within 24 to 48 hours after the drug is discontinued. TORADOL does not 
appear to affect platelet count, prothrombin time (PT) or partial thromboplastin time (PTT). In controlled clinical studies 
where TORADOL was administered postoperatively, the incidence of clinically significant postoperative bleeding was 
0.4% for TORADOL compared to 0.2% in the control groups receiving narcotic analgesics. Because prostaglandins play an 
important role in hemostasis, and NSAIDs affect platelet aggregation as well, use of TORADOL in patients who have 
coagulation disorders should be undertaken with caution, and those patients should be carefully monitored. Patients on 
therapeutic doses of anticoagulants (e.g., heparin or dicumarol derivatives) have an increased risk of bleeding complica- 
tions if given TORADOL concurrently; physicians should administer such concomitant therapy with extreme caution. The 
concurrent use of TORADOL and prophylactic, low-dose heparin (2500-5000 units q12h) has not been studied extensively, 
but may also be associated with an increased risk of bleeding. Physicians should weigh the benefits agamst the risk, and 
exercise caution in using such concomitant therapy in these patients. In patients who receive anticoagulants for any 
reason, there is an increased risk of intramuscular hematoma formation from TORADOLIM injections (see PRECAUTIONS 
— Drug Interactions). In postmarketing experience, postoperative hematomas and other signs of wound bleeding have 
been reported in association with the immediate perioperative use of TORADOL. Caution should be used, therefore, when 
TORADOL is administered pre- or intra-operatively, Perioperative use of TORADOLIM should be undertaken with caution 
when strict hemostasis is critical. Drug Interactions: TORADOL is highly bound to human plasma proteias (mean 99.2%) 
and binding is independent of concentration. The in vitro binding of warfarin to plasma proteins is onlyslightly reduced 
by TORADOL (99.5% control vs. 99.3%) with TORADOL plasma concentrations of 5 to 10 g/mL. TORADOL does not alter 
digoxin protein binding. /n vitro studies indicate that, at therapeutic plasma concentrations of salicylate (300 pg/mL), 
the binding of TORADOL was reduced from approximately 99.2% to 97.5%, representing a potential two-fold increase in 
unbound TORADOL plasma levels; hence, TORADOL should be used with caution (or at a reduced dosage) in patients 
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TORADOL® M (ketorolac tromethamine) 
being treated with high-dose salicylate regimens. Therapeutic concentrations of digoxin, warfarin, 
naproxen, piroxicam, i phenytoin, and tolbutamide did not alter TORADOL protein binding. In; 
Study involving 12 volunteers, oral TORADOL was co-administered with a single dose of 25 mg warfarin, causing ni 
significant changes in pharmacokinetics or pharmacodynamics of warfarin. In another study, TORADOL was given witl 
two doses of 5000 U of heparin to 11 healthy volunteers, resulting in a mean template bleeding time of 6.4 minute: 
(3.2-11.4 min) compared to a mean of 6.0 minutes (3.4-7.5 min) for heparin alone and 5.1 minutes (3.5-8.5 min) for placebo 
Although thes results do not indicate a significant interaction between TORADOL and warfarin or heparin, thi 
administratiomof TORADOL, or other NSAIDs, to patients taking anticoagulants should be done with caution and patient 
should be closely monitored (see PRECAUTIONS — Hematologic Effects). TORADOL reduced the diuretic response t 
furosemide in normovolemic healthy subjects by approximately 20% (mean sodium and urinary output decreased 17%] 
Concomitant administration of TORADOL and probenecid resulted in decreased clearance of ketorolac and significan 
increases in ketorolac plasma levels (total AUC increased approximately 3-fold from 5.4 to 17.8 jxg-h/mL) and termina 
half-life (increased approximately 2-fold from 6.6 to 15.1 hours). Inhibition of renal #thiaum clearance, leading to ar 
increase in plasma lithium concentration, has been reported with some prostaglandin synthesis inhibiting drugs. The 
effect of TORADOL on plasma lithium has not been studied. Concomitant administration of methotrexate and some 
NSAIDs has been reported to reduce the clearance of methotrexate, enhancing the toxicity of methotrexate. The effect oi 
TORADOL on methotrexate clearance has not been studied. In postmarketing experience, there have been three reports of 
a possible intesaction between TORADOL and mon-depolarizing muscle relaxants, appearing to enhance the effect ol 
the muscle relaxant. The concurrent use of TORADOL with muscle relaxants has not been formally studied. TORADOL has 
been administered concurrently with morphine in several clinical trials of postoperative pain without evidence of 
adverse interactions. There is no evidence, in animal or human studies, that TORADOL induces or inhibits hepatic enzymes 
capable of metabolizing itself or other drugs. Carcinogenesis, Mutagenesis, and Impairment of Fertility: An 18-month 
Study in mice at oral doses of ketorolac tromethamine equal to the parenteral MRHD (Maximum Recommended Human 
Dose) and a 24-month study in rats at oral doses 2.5 times the parenteral MRHD, showed no evidence of tumorigenicity. 
Ketorolac tromathamine was not mutagenic in tests performed with S. typhimurium, S. cerevisiae, or E. coli. Ketorolac did 
not cause chromosome breakage in the in vivo mouse micronucleus assay. Impairment of fertility did not occur in male or 
female rats at oral doses of 9 mg/kg (4.5 times the parenteral MRHD) and 16 mg/kg (8 times the parenteral MRHD), 
respectively. Pregnancy: Pregnancy — Category B: Reproduction studies have been performed in rabbits, using daily oral 
doses equal ta3.6 mg/kg (1.8 times the parenteral MRHD) and, in rats, equal to 10 mg/kg (5 times the parenteral MRHD), 
respectively, aad did not reveal evidence of harm to the fetus. Ketorolac tromethamine caused delayed parturition and 
dystocia in rats at oral doses higher than the parenteral MRHD, like other inhibitors of prostaglandin synthesis. There are, 
however, no adequate and well-controlled studies in pregnant women. Because animal reproduction studies are not 
always predictive cf human response, this drug should be used during pregnancy only if clearly needed and no known 
safer alternatives are available. Labor and Delivery: TORADOL is not recommended for use during labor and delivery (see 
INDICATIONS) Lactation and Nursing: After a single oral administration of 10 mg of TORADOL to humans, the maximum 
milk concentrezion observed was 7.3 ng/mL and the maximum milk-to-plasma ratio was 0.037. After one day of dosing 
(gid), the maximum milk concentration was 7.9 ng/mL and the maximum milk-to-plasma ratio was 0.025. Caution should 
be exercised when TORADOL is administered to a nursing woman. Pediatric Use: Safety and efficacy in children have not 
been established. Therefore, TORADOL is not recommended for use in children. Use in the Elderly: Because ketorolac 
tromethamine !s cleared somewhat more slowly by the elderly, who are also more sensitive to the renal effects of NSAIDs 
(see PRECAUTIONS- Renal Effects), extra caution and reduced dosages (see DOSAGE AND ADMINISTRATION) should be 
used when treating the elderly with TORADOL. Adverse Reactions: TORADOLIM is indicated for short-term use. 
Physicians, using TORADOL Injection, should be alert for the usual complications of NSAID treatment, and should be 
aware that with longer use (exceeding 5 days) of TORADOL, the frequency and severity of adverse reactions may increase. 
The adverse reactions listed below were reported in clinical trials with TORADOL in which patients received up to 20 
doses, in five cays, of intramuscularly administered TORADOL 30 mg. In addition, adverse events that were reported from 
postmarketingsurveillance are included in “Incidence 1% or Less.” Incidence Greater than 1% (probably causally related): 
Body as a Whole: edema. Gastrointestinal: nausea* dyspepsia,” gastrointestinal pain,” diarrhea. Nervous System: 
drowsiness,” &zziness, headache, sweating. Injection site pain was reported by 2% of patients in multidose studies (vs. 
5% for the morphine contro! group). “Incidence of reported reaction between 3% and 9%. Those reactions occurring in 
less than 3% of the patients are unmarked. Incidence 1% or Less (probably causally related): Body as a Whole: 
hypersensitivity reactions such as anaphylaxis, ' laryngeal edema, hypotension, flushing and rash. 
Cardiovascular flushing, pallor, Aypotension. Dermatologic: Lyell's syndrome, Stevens-Johnson syndrome, exfo- 
lative dermatitis, maculo-papular rash, pruritus, urticaria. Gastrointestinal: peptic ulceration, GI hemorrhage, GI 
perforation (see WARNINGS and PRECAUTIONS) melena, rectal bleeding, vomiting, stomatitis, constipation, flatu- 
lence, gastrointestinal fullness. Hemic and Lymphatic: postoperative wound hemorrhage, rarely requiring blood 
transfusion (see WARNINGS and PRECAUTIONS), thrombocytopenia, purpura. Nervous System: convulsions, ver- 
tigo. Respiratcry: dyspnea, asthma. Urogenital: acute renal failure (see WARNINGS and PRECAUTIONS), flank pain 
with or without hematuria and/or azotemia, oliguria. \Bold-face italics denote severe reactions reported from 
postmarketing experience. Italics alone indicate non-severe postmarketing reactions. Incidence 1% or Less (causal 
relationship unknown}2: Body as Whole: asthenia, myalgia. Gastrointestinal: pancreatitis. Hemic and Lymphatic: 
leukopenia. Nervous System: paresthesia, euphoria, depression, insomnia, nervousness, excessive thirst, dry mouth, 
abnormal thinking, inability to concentrate, stimulation. Special Senses: abnormal taste, abnormal vision. Urogenital: 
increased urirary frequency. Reactions occurred under circumstances where the causal relationship to TORADOL 
treatment hassnot been clearly established; they are presented as alerting information for physicians. Dosage and 
Administration: TORADOL may be used on a regular schedule or prn (“as needed”), based on the return of pain. For the 
short-term management of pain on a regular schedule, the recommended initial dose is 30 or 60 mg IM, as a loading dose, 
followed by hæf of the loading dose, i.e., 15 or 30 mg, every 6 hours. The maximum recommended daily dose is 150 mg for 
the first day and 120 mg/day thereafter. It is recommended that intramuscular TORADOL be limited to short-term therapy 
(not over 5 days) because the frequency and severity of adverse events may increase with longer use at recommended 
doses (see WaRNINGS and PRECAUTIONS). Note: The initial loading dose should be given only once, unless 
therapy has been interrupted for 3 half-lives (15-40 hours). The lower end of the dosage range is recommended for 
patients under'S0 kg (110 pounds) of body weight, for patients over 65 years of age, and for patients with reduced renal 
function (see PRECAUTIONS). CAUTION: Federal law prohibits dispensing without prescription. 


U.S. Patent Ne. 4,089,969 and others. 


Mfd. for Syntex Laboratories, Inc. 
Palo Alto, CA 94304 
by Survival Technology, Inc. 
Bethesda, MD 20814 
and 
by Wyeth Laboratories, Inc. 
Philadelphia, PA 19101 


P1.1091 
© Syntex Laberatories, Inc. October 1991 


Journal 
Case 





Preserve valuable 
scientific 
information 


with these special 
Archives cases 


Preserve your issues of the Archives of 
Surgery conveniently and attractively 
with these specially designed holders. 
Each case holds 12 issues, featuring 
gold-stamped lettering on red leatherette 
to match your journal cover. 


Easy-to-shelve, this 
library style case 

is durable 

and lasting. 


> 
7 

< 
f 


i To order yours today, 
Hil just complete and 
NIL, — mail this coupon. 


Archives of Surgery 
Department: AS 

Jesse Jones Industries 
499 East Erie Avenue 
Philadelphia, PA 19134 


Please send me: 


Cases @ $7.95 each; 


2/$14.95; 3/$2 L95; 
6/$39.95 


Total $ 
PA residents add 7% sales tax. 


‘D0 Enclosed is $ . Add $1 per unit 
Postage and Handling. Outside USA 
$2.50 per unit (US funds only). 


O Charge my: (Minimum $15) 


O American Express [C Visa 
Q] Mastercard CO Diners Club 


Card Number 





Expiration Date 


Cardholder's Signature 
Toll Free # (charge orders only) 
1-800 825-6690 (7 days, 24 hours) 





Print Name 





Address 


(No P.O. Box Please) 





City/State/Zip Code 


Satisfaction Guaranteed 





’ VICOOIn..... 


(hydrocodone bitartrate Smg [Warning: May be habit forming] 


and acetaminophen 500 mg) ® 
(hydrocodone bitartrate 75mg [Warning: May be habit forming) 
and acetaminophen 750 mg) 


INDICATIONS AND USAGE: For the relief of moderate to moderately 
severe pain. 
CONTRAINDICATIONS: Hypersensitivity to acetaminophen or 
hydrocodone. 
WARNINGS: 
Allergic-Type Reactions: VICODIN/VICODIN ES Tablets contain sodium 
metabisulfite, a sulfite that may cause scan Pa reactions including 
anaphylactic symptoms and life-threatening or less severe asthmatic 
mnie in certain susceptible people. 
Respiratory Depression: At high doses or in sensitive patients, 
hydrocodone may produce dose-related respiratory depression. 
Head Injury and Increased Intracranial Pressure: The respiratory 
ressant effects of narcotics and their capacity to elevate cerebrospi- 
nal fluid pressure may be markedly exaggerated in the presence of head 
injury, other intracranial lesions or a preexisting increase in intracranial 
pressure. Furthermore, narcotics produce adverse reactions which may 
obscure the clinical course of patients with head injuries. 
Acute Abdominal Conditions: The administration of narcotics may 
obscure the diagnosis or clinical course of patients with acute abdominal 
conditions. 
PRECAUTIONS: 
Special Risk Patients: VICODIN/VICODIN ES Tablets should be used 
with caution in elderly or debilitated patients and those with severe 
impairment of hepatic or renal function, hypothyroidism, Addison's dis- 
ease, prostatic hypertrophy or urethral stricture. 
Cough Reflex: Hydrocodone suppresses the cough reflex; as with all 
narcotics, caution should be exercised when VICODIN/VICODIN ES Tab- 
lets are used postoperatively and in patients with pulmonary disease. 
Drug Interactions: Patients receiving cther narcotic analgesics, antipsy- 
chotics, antianxiety agents, or other CNS depressants (including alcohol) 
concomitantly with VICODIN/VICODIN ES Tablets may exhibit an additive 
CNS depression. The use of MAO inhibitors or tricyclic antidepressants 
with hydrocodone preparations may increase the effect of either the 
antidepressant or hydrocodone. The concurrent use of anticholinergics 
with hydrocodone may produce paralytic ileus. 
Usage in ig 
Teratogenic Effects: oe Category C. Hydrocodone has been 
shown to be teratogenic in hamsters when given in doses 700 times the 
human dose. There are no adequate and well-controlled studies in 
pregnant women. VICODIN/ VICODIN ES Tablets should be used during 
pegng only if the potential benefit justifies the potential risk to the 
etus. 
Nonteratogenic effects: Babies born to mothers who have been tak- 
ing opioids regularly prior to delivery will be physically dependent. The 
withdrawal signs include irritability andexcessive crying, tremors, hyper- 
active reflexes, increased respiratory rate, increased stools, sneezing, 
yawning, vomiting, and fever. 
Labor and Delivery: Administration of VICODIN/VICODIN ES Tablets to 
the mother shortly before delivery may result in some degree of respira- 
tory depression in the newborn, especially if higher doses are used. 
Nursing Mothers: It is not known whether this drug is excreted in 
human milk. Because many drugs are excreted in human milk and 
because of the potential for serious adverse reactions in nursing infants 
from VICODIN/VICODIN ES Tablets, a decision should be made whether 


to discontinue nursing or to discontinue the drug, taking into account the 


importance of the drug to the mother. 

Pediatric Use: Safety and effectiveness in children have not been 
established. 

ADVERSE REACTIONS: 

The most frequently observed adverse reactions include light-headedness, 
dizziness, sedation, nausea and vomiting. These effects seem to be more 
prominent in ambulatory than in nonambulatory patients and some of 
these adverse reactions may be alleviated if the patient lies down. Other 
adverse reactions include: 

Central Nervous s: prats Drowsiness, mental clouding, lethargy, impair- 
ment of mental and physical performance, anxiety, fear, dysphoria, psy- 
chic dependence and mood changes. 

Gastrointestinal System: The antiemetic phenothiazines are useful in 
suppressing the nausea and vomiting which may occur (see above); 
however, some phenothiazine derivatives seem to be antianalgesic and 
to increase the amount of narcotic required to produce pain relief, while 
other phenothiazines reduce the amount of narcotic required to produce 
a given level of rag Prolonged administration of VICODIN/VVICODIN 
ES Tablets may produce constipation. 

Genitourinary System: Ureteral spasm, spasm of vesical sphincters 
and urinary retention have been reported. 

Respiratory Depression: Hydrocodone bitartrate may produce dose- 
related respiratory depression by acting directly on the brain stem respi- 
ratory center. Hydrocodone also affects the center that controls respiratory 
rhythm, and may produce irregular and gea breathing. If significant 
respiratory depression occurs, it may be antagonized by the use of 
naloxone hydrochloride. Apply other supportive measures when indicated. 
DRUG ABUSE AND DEPENDENCE: 

VICODIN/VICODIN ES Tablets are subject to the Federal Controlled Sub- 
stance Act (Schedule III). Psychic dependence, physical dependence, and 
tolerance may develop upon repeated administration of narcotics; there- 
fore, VICODIN/ VICODIN ES Tablets should be prescribed and adminis- 
tered with caution. 

OVERDOSAGE: 

Acetaminophen Signs and Symptoms: In acute acetaminophen over- 
dosage, dose-dependent, potentially fatal nepatic necrosis is the most 
serious adverse effect. Renal tubular necrosis, hypoglycemic coma, and 
thrombocytopenia may also occur. Early symptoms ea" a poten- 
tially hepatotoxic overdose may incluce: nausea, vomiting, diaphoresis 
and general malaise. Clinical and laboratory evidence of hepatic toxicity 
may not be apparent until 48 to 72 hours post-ingestion. 
Hydrocodone Signs and Symptoms: Serious overdose with 
hydrocodone is characterized by respiratory depression (a decrease in 
respiratory rate and/or tidal volume, Cheyne-Stokes respiration, (cyano- 
sis), extreme somnolence progressing to stupor or coma, skeletal muscle 
flaccidity, cold and clammy skin, and sometimes bradycardia and hypo- 
tension. In severe overdosage, apnea, circulatory collapse, cardiac arrest 
and death may occur. 


i Knoli Pharmaceuticals 
Revised June 1989 A Unit of BASF K&F Corporation 
Whippany. New Jersey 07981 
® 


5864 BASF Group knoll 


— 


= oe = 


gis” 





DOM i 9M PAIN! 


: 
7 














Extra strength pain relief 
free of extra prescribing 
restrictions. 


E Telephone prescribing in most states 
WE Up to five refills in 6 months 
W No triplicate Rx required 


Excellent patient acceptance. 


In 12 years of clinical experience, nausea, sedation and 
constipation have rarely been reported." 


COMPARATIVE PHARMACOLOGY OF TWO ANALGESICS 


Emesis bomante 





HYDROCODONE 
OXYCODONE 


Blank space indicates that no such activity has been reported. Table adapted from Facts and Comparisons 
1991 and Catalano RB. The medical approach to management of pain caused by cancer. Semin. Oncol. 
1975; 2; 379-92 and Reuler JB, et. al. The chronic pain syndrome: misconceptions and management. Ann. 

Intern. Med. 1980 588-96. ee A 





The heritage of VICODIN” over a billion A 
doses prescribed.’ 7 YM 
e VICODIN ES provides greater central and peripheral y 
action than other hydrocodone/acetaminophen combinations. 

@ Four to six hours of extra strength pain relief from a single dose < MMEA 
è The 14th most frequently prescribed medication in America? 


-W 
E 


(hydrocodone bitartrate 7.5mg (Warning: May be habit forming) 
and acetaminophen 750mg) PO a 


BEES Se PEE cs ELS: 


Tablet for tablet, the most potent analgesic C you can pho ae 










* (hydrocodone bitartrate 5 mg [Warning: May be habit forming] and acetaminophen 500mg) Wee 
1. ‘Data on file, Knoll Pharmaceuticals Please see brief summary of prescribing information on adjacent page. 


2. Standard industry new prescription audit V3029/4-91 ©1991, BASF K&F Corporation 





EDITORIAL 


Discussions and Surgical Societies 


Without free speech and assembly, dis- 

cussions would be futile. Discussions af- 

ford ordinarily adequate protection 

against the dissemination of a noxious 
doctrine. 

—L. D. Brandeis, 

US Supreme Court Justice’ 


iscussions at national meetings 
have become a traditional part 
of our scientific transac-ions. As 
spring meetings begin, a moment of 
reflection is warranted. D:scussions 
have historically become a dynamic 
part of our annual society meetings 
and often carry important analyses 
from thoughtful discussants. Occa- 
sionally, a significant historical ob- 
servation is made, 2g, “Because they 
first described this condition and 
brought it to our attention, it is sug- 
gested that this clinical entity be 
called the Zollinger-Ellison syn- 
drome” (Eiseman, Society of Univer- 
sity Surgeons 195€ Meeting).’ 
Discussion has been defined as a 
“ .. consideration of a question in 
open and usually informative de- 
bate; formal treatment of a topic; to 
investigate by reasoning or argu- 
ment.” Society discussions cover ev- 
ery aspect of this definition. They 
constitute a variety of expressions 
and in terms of quality could be 
mapped out on a bell-shaped curve. 
While some are thoughtful, even di- 
alectic, others are inappropriately 
sardonic, and others are without 
substance or relevance. Same of our 
colleagues rise for mere recognition 
of their presence at the meeting, 
while others go on record to have 
their abbreviated remarks listed (sur- 
prisingly enough) im their curriculum 
vitae. A majority of discussants pa- 
rade to the podium, often sitting in 
the rear of the hall, seldom using 
readily accessible floor microphones. 
Pity the poor recorder who runs out 
of space on his sheet to flash the 
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names of the litany of discussants on 
the overhead projector. 

Posturing statements consist of “I 
appreciate the opportunity cf read- 
ing the manuscript in advance” (the 
insider approach), or “The junior 
author deposited the manuscript in 
my hotel box late last evening,” or 
“During the break this mornirg I was 
asked by the senior author if ] would 
be kind enough to discuss his pa- 
per.” Discussants are often disap- 
pointed when they find that the au- 
thor has mailed the manuseript to 
numerous members of the society to 
ensure a satisfactory audience re- 
sponse. 

Some discussants seize the po- 
dium to present their rejected manu- 
script and proceed to give a “second 
paper.” Control of discussions by the 
program committee varies from a 
very rigid format to undisciplined 
discussions that drone on ac infini- 
tum. Staying within the time guide- 
lines given by the program commit- 
tee seldom meets sustained 
compliance. Some societies limit dis- 
cussants to one slide in an attempt to 
control the time factor. Invariably, 
those who violate time guidelines 
close with an unlimited number of 
questions (“I have several questions 
for the author”). Some of our col- 
leagues seem color blind to the yel- 
low or red blinking light despite 
prudent reminders by the program 
chairman or moderator. We are all 
amazed when we receive the tran- 
scriptionist’s recordings of our re- 
marks, particularly with the exces- 
sive number of “umphs,” “uhs,” 
“and uhs,” and “you knows.” The 
Marquis of Queensberry rules are 
rigidly observed: “I too enjoyed this 
presentation,” “Thank you for the 
privilege of the floor,” “This is a sig- 
nificant contribution,” “We will refer 
to this manuscript for many years,” 
and “This is a landmark paper.” 

There are those admired essayists 


who, in closing, adroitly manage a 
large number of questions with spe- 
cific answers. This talent is a product 
of experience and logic based on a 
detailed knowledge of the presented 
topic. Others, in summary, demon- 
strate equal skill in avoiding key in- 
quiries and answer questions with 
generalizations while seldom admit- 
ting that the data are not available: 
“The answers are covered in the 
manuscript.” 

Discussions, whether well plan- 
ned or impromptu, pose problems 
for the editing staff of a journal. Re- 
cently, the US Supreme Court, in 
Masson v Malcolm, issued a decision 
on direct quotations. Jeffrey M. Mas- 
son (a psychoanalyst) contended 
that in two articles and a book, 
Janet Malcolm (a writer) attributed to 
him things he never said and does 
not believe. Justice Anthony M. 
Kennedy, writing the majority opin- 
ion, stated, “Quotations allow the 
reader to form his or her own con- 
clusions, and to assess the conclu- 
sions of the author, instead of relying 
entirely upon the author’s character- 
ization of her subject.” Numerous 
lay publications, eg, Time, The Na- 
tion, The Atlantic, and Harper’s Maga- 
zine have addressed this issue. Time 
has a written set of rules that appears 
in the Time Book on Reporting and Re- 
search. Victor Navasky, editor of The 
Nation, stated, “We don’t routinely 
clean up grammar because we have a 
strong presumption on behalf of ac- 
curacy.” The Atlantic, contrastingly, 
checks all quotations with the person 
who said them. Jack Beatty, a senior 
editor, has stated, “We're not out to 
sandbag people; we are just trying to 
get the record straight.” Michael 
Pollan, the executive editor of 
Harper's Magazine, remarked, “If 
everyone started publishing verba- 
tim quotes, you would get the im- 

ression that the government was 
full of fools.”* 
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The US Supreme Court has deter- 
mined that editors and writers may 
correct grammar and syntax in a di- 
rect quotation, but they may not ma- 
terially and deliberately change the 
meaning. Herein lies the dilemma. 
Justice Kennedy further stated, “In 
some cases, any alteration of a ver- 
batim quotation is false.” Spauld- 
ing,’ in the October/November 1991 
issue of Copy Editor, remarked that 
she knew of no one whose grammar 
was 100% flawless in relaxed speech, 
particularly when fielding questions. 
Certainly, surgeons are no exception 
as a group. Spaulding further ob- 
served that the author of a book has 
the opportunity to review and polish 
his work, and, therefore, can be 
held responsible for grammar and 
syntax; however, individuals have 
no such opportunity when they are 
quoted in a newspaper, magazine, 
or journal. “If ever the spoken 
word achieves the sanctity of the 
written word,” Spaulding con- 
cluded, “we'll all have occasion to 
be laughingstocks.”° 

Carey” embraced a different pos- 
ture, stating that “an editor who gets 
in the habit of correcting grammar 
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and syntax is more easily tempted to 
make changes that are more than 
cosmetic.” Editors often assume that 
they know what the speaker meant 
to say, and that assumption is in fact 
often the opposite of what was 
meant. Carey reasoned that mechan- 
ical fidelity to the quotation can at 
times be ridiculous and believes ed- 
itors should avoid portraying an in- 
telligent person as blundering or stu- 
pid. Carey concluded that editors 
should have an instinctive prefer- 
ence for accuracy even though fair- 
ness and common sense will some- 
times compel us to temper this 
instinct and fix a mistake if itdoes not 
serve the purpose of the article or if 
it unfairly insults the speaker.° 
Inappropriate alteration of discus- 
sion content has become a pernicious 
phenomenon. An editorial staff is 
challenged by the occasional discus- 
sant who radically alters the tran- 
scription record, adding sentences 
and information (even tables, 
graphs, and figures) which were not 
part of the original presentation. In 
some instances, analytical and re- 
served discussions prompt the au- 
thor to alter the original manuscript, 


thereby making the discussants ap- 
pear illogical or nonobservant. 
Despite this litany of problems, 

society discussions, often uncon- 
trolled, should be continued as a 
featured segment of our meetings. 
Surgeons will rise to the occasion and 
alter their discussions in our meet- 
ings to be both time-limited and “uh” 
dialectical. Overall, this aspect of our 
annual scientific transactions is well 
received, generally informative, and, 
to paraphrase Justice Brandeis, will 
offer surgeons adequate protection 
against the dissemination of noxious 
doctrines. 

CLAUDE H. ORGAN, JR, MD 

Editor 

Oakland, Calif 
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Original Article 


The Efficacy and Limitations of Percutaneous 
Endoscopic Gastrostomy 


William R. Jarnagin, MD; Quan-Yang Duh, MD; Sean J. Mulvihill, MD; John A. Ridge, MD; 
Theodore R. Schrock, MD; Lawrence W. Way, MD 


è We analyzed 64 percutaneous endoscopic gastrostomy 
procedures performed by us between 1986 and 1990. Thirty 
patients had neurolegic disease; 16 had head and neck can- 
cers; eight had other malignancies; two had acquired 
immunodeficiency syndrome; and eight had other prob- 
lems. Seven patients died within 30 days of complications 
(n=4) or the primary illness (n= 3). Mean follow-up was 6 
months; an additional patient died of aspiration and eight 
others died of their underlying illness. There were 19 com- 
plications (32%). Feur wound complications occurred. 
Nine patients developed aspiration pneumonia within 3 
days of the procedure, four of whom died in the hospital. 
Of the 24 patients with a history of aspiration, nine expe- 
rienced aspiration during or after percutaneous endoscopic 
gastrostomy. Patien:s with a history of aspiration were more 
likely to have perioperative aspiration pneumonia, and pa- 
tients who experienced aspiration were more likely to die. 
(Arch Surg. 19925127:261-264) 


G astrostomy fer nutritional support was first pro- 
posed by Egeburg in 1837 and was successfully 
performed for the first time in 1876 by Verneuil.’ Gas- 
trostomy is used for patients who require prolonged gas- 
tric decompression and for those who are unable to 
maintain adequate nutrition by mouth, but with an oth- 
erwise functioning gut.” Enteral nutrition is easier to ad- 
minister and is less costly than parenteral nutrition, and 
patients fed via the gut may be less susceptible to infec- 
tion and sepsis ther are patients fed intravenously.” 
The morbidity ard mortality rates associated with open 
gastrostomy are high. Complication rates of 3% to 61% 
and mortality rates as high as 37% have been reported." 
Percutaneous endescopic gastrostomy (PEG), which was 
developed because it can be performed more easily and 
without general anesthesia, has almost replaced open 
gastrostomy. Although PEG is less invasive, complica- 
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tions such as aspiration pneumonia and wound infection 
remain a problem.’° This article reviews our experience 
with PEG in a university teaching hospital and a Veterans 
Affairs medical center. 


PATIENTS AND METHODS 


We studied all patients who underwent PEG at the University 
of California, San Francisco, and the Veterans Affairs Medical 
Center, Sen Francisco from July 1986 through July 1990. Percu- 
taneous endoscopic gastrostomy was attempted in 64 patients 
(43 men and 21 women), and was successful in 60 patients. The 
age range was 20 to 93 years, with a mean of 60 years. The in- 
dications “or the procedure, technique, perioperative medica- 
tions, intraoperative and postoperative complications, and sur- 
vival rates were analyzed. The following techniques for PEG 
were used: the Ponsky (pull-through) technique®’ in one case; 
the Sachs-Vine (push-through) technique’? in 12 cases; and the 
Russell (introducer) technique’ in 47 cases. All procedures were 
performec with the collaboration of Gastrointestinal Medicine 
and General Surgery Services. No follow-up data were available 
on 18 patients who were discharged alive from the hospital and 
were excluded from calculations of survival rates. Fisher’s Exact 
Test was used to determine the statistical significance of differ- 
ences between groups of patients.” 


RESULTS 


The indications for the procedure are listed in the tab- 
ulation below: 


Indications No. (%) of Patients 


Inadequate nutrient intake 29 (45) 
Aspiration and inadequate 

nutrient intake 26 (41) 
Venting gastrostomy for 

bowel obstruction 4 (6) 
Orocutaneous fistula 1 (2) 
Esophageal obstruction 2 (3) 
Prolonged intubation/prolonged 2 (3) 

nasogastric tube 
Total 64 (100) 


Inadequate oral intake plus malnutrition was the most 
common indication (85% of patients; n=55). Twenty-six 
patients (41%) had a history of aspiration in addition to in- 
adequate oral intake. Preoperative aspiration was consid- 
ered to exist when the patient experienced repeated episodes 
of aspiration pneumonia or chronic bronchitis thought to 
be due to chronic aspiration. Two of these patients under- 
went cortrast studies that demonstrated aspiration. 
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Table 1.— 
Pe 


Age, y/Sex 


Survival Times and Causes of Death After 
Endoscopic Gastrostomy (PEG)* 


Cause of Death 


Respiratory failure after aspiration 










Survival, d 




















77/M 9 Multisystem organ failure after 
aspiration 

31/F 10 Metastatic ovarian cancer 

73/M 22 Respiratory arrest after aspiration, 
necrotizing fasciitis 

30/M 24 Respiratory arrest after aspiration 

68/M 30 Progressive olivopontocerebellar 
degeneration 

58/M 30 Tongue SCC 

63/M 43 Cardiopulmonary arrest after 
perioperative aspiration 

59/M 62 Vocal cord SCC 

53/M 150 Stroke (aspiration pneumonia 90 d 
after PEG) 

52/M 173 Stroke 

68/M 292 Stroke (had aspiration before but 
not after PEG) 

69/M 419 Stroke 

75/M 453 Hypopharyngeal SCC (had 
intraoperative aspiration) 

50/M 489 Multiple sclerosis (aspiration 
pneumonia 300 d after PEG) 

60/M 801 Laryngeal SCC (aspiration 





pneumonia 2 d after PEG) 
*SCC indicates squamous cell carcinoma. 


The most common primary illnesses were neurologic 
disease (47%; most were strokes), squamous cell carcino- 
mas of the head and neck (25%), and other cancers (13%). 
Two patients had acquired immunodeficiency syndrome 
and eight had other chronic nonmalignant illnesses. 

Four procedures were technically unsuccessful, one 
due to esophageal obstruction and three due to inability 
to transilluminate the abdominal wall. These patients re- 
quired open gastrostomy and were excluded from the 
calculation of complications caused by PEG. As tabulated 
below, there were 19 complications (32%). 


Complications No. (%) of Patients 


Gastric bleeding 1 (2) 
Technical complications 
Tube malfunction 
Tube displacement 3 
Wound complications 4 
Cellulitis 3 
Necrotizing fasciitis 1 
Aspiration pneumonia 9 
During surgery 2 
Soon after surgery 7 
Total 19 (32%) 


The five technical complications included two cases of 
tube malfunction (ie, clogging) and three cases of tube 
displacement from the stomach (ie, when the stomach 
pulled away from the introducer or the gastrostomy tube 
with an underinflated balloon). The two patients with 
clogged tubes required’ tube changes, and the three 
patients with tube displacement required laparotomy and 
open gastrostomy. @ne other patient X ve ami laparot- 
omy because of bleeé ag Sonn the gastrostomy site. 
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Table 2.—Recommended Workup and Procedure to 
Minimize Aspiration After Percutaneous 
Endoscopic Gastrostomy* 


Reflux 









Indication Aspiration Procedure 





Inadequate History No GER Consider permanent 
oral tracheostomy; PEG 
nutrition alone will not 

prevent recurrent 
aspiration 

GER Feeding jejunostomy or 
PEG converted to 
feeding jejonostomy- 
venting gastrostomy 


No history ies PEG 
“GER indicates gastroesophageal reflux. 














Four patients (7%) developed wound complications. 
One patient had cellulitis, two had cellulitis and drainage 
of pus from the gastrostomy site, and one had necrotiz- 
ing fasciitis that proved lethal. All wound complications 
occurred in the 32 patients who were receiving histamine, 
receptor antagonists (P=.08). Wound infection devel- 
oped in three of 40 patients who received antibiotic treat- 
ment and in one of 16 patients who did not (P= 43). The 
antibiotic treatment given was one dose of a first- or 
second-generation cephalosporin before the operation. 
All four wound complications occurred among the 16 pa- 
tients with head and neck cancer (P= .01). 

Two patients had intraoperative aspiration, seven pa- 
tients had early postoperative aspiration (within 72 hours 
of the procedure), and four patients developed late aspi- 
ration pneumonia 3, 6, 7, and 9 months after the proce- 
dure. These episodes of aspiration were all characterized 
by fever, leukocytosis, and infiltrates on chest roentgen- 
ograms, and they all required antibiotic treatment. Possi- 
ble predisposing risk factors for aspiration in these 
patients included prior stroke in four patients and surgi- 
cal resection of head and neck cancer in two patients. 

Patients who had a history of aspiration before PEG 
were at higher risk for aspiration during and after surgery 
than those who did not (seven of 24 vs two of 36; P = .03). 
Of the 24 patients with a history of aspiration, two had 
intraoperative aspiration, one of whom died from respi- 
ratory arrest; five had early postoperative aspiration, two 
of whom died of cardiopulmonary arrest and multisystem 
failure; and two had late postoperative aspiration, both of 
whom survived. Of the remaining 15 patients who did not 
experience aspiration, five were unavailable for follow- 
up, four died of unknown causes within a year, and six 
were alive at last follow-up. Of the 36 patients who did not 
have a history of aspiration, two had early postoperative 
aspiration, both of whom died; and two others had late 
postoperative aspiration, both of whom survived. Seven 
of nine patients with intraoperative or early postoperative 
aspiration had a history of aspiration before undergoing 
PEG. 

Forty-two (70%) of the 60 patients were followed up for 
a mean of 171 days. Sixteen of these patients (38%) died, 
with a mean survival of 185 days. Of the seven patients 
(17%) who died within 30 days of the procedure, four had 
perioperative aspiration (Table 1). None of these four pa- 
tients left the hospital alive, and in each case, aspiration 
was either the direct cause of or a major contributor to 
death. Of the other nine patients who died more than 30 
days after the procedure, eight died of their primary dis- 
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ease, and one died 43 days after PEG of aspiration pneu- 
monia that began 3 days after PEG. The 30-day mortality 
rate was higher in patients who had procedure-related 
aspiration than in those who did not (four of nine vs three 
of 33; P=.03). 

Compared with the Russell technique, the Sachs-Vine 
technique was associated with a higher rate of intraoper- 
ative and postoperative complications, but the differences 
were not significant (FP = .16). 


COMMENT 


Although PEG is less invasive than open gastrostomy, 
it has a similar complication rate. The complication rate 
was 32% and the 30-day mertality rate was 17% in our 
patients. In other reports, the complication rate of open 
gastrostomy ranged from 10% to 50% and the death rate 
from 5% to 35%, whereas the complication rate of PEG 
ranged from 5% to 20% anc the death rate from 0% to 
15% .125%1113 Aspiration pnecmonia and wound infection 
were the major complications among our patients, and 
were the cause of death in several patients. There was no 
difference in complication rate between the two hospitals. 

We found that patients with a history of recurrent as- 
piration or aspiration pneumonia had a higher risk of ex- 
periencing aspiration during and after PEG (P= .03).'* The 
Sachs-Vine technique was used in two patients who ex- 
perienced aspiration during PEG. Aspiration may be 
more common with this method because two gastro- 
scopies are required (instead of one as with the Russell 
technique) while the patient is sedated and the pharynx 
is anesthetized. Seven patients experienced aspiration 
within 3 days of the procedure, usually during the first 
feeding. Four additional patients developed aspiration 
pneumonia several months after undergoing the proce- 
dure. Many patients who require a feeding gastrostomy 
cannot protect their airway because of impaired mental 
status, dysphagia, er previous head and neck surgery. 
Thus, the risk of aspiration remains high even many 
months after the procedure. 

To avoid aspiration, endcscopy should be performed 
with care. Patients should be seated rather than supine 
during endoscopy when topical anesthesia is applied to 
the pharynx and the patient is sedated. When feeding is 
initiated, especially in those with a diminished gag reflex 
or mental capacity, the patient should be seated and ob- 
served for signs of aspiration. 

Although recurrent aspiration is often cited as an indi- 
cation for PEG," we disagree. The patients still tend to 
experience aspiration soon after surgery, and their mor- 
tality rate is especially high. Although we have no direct 
evidence of this, subclinical gastroesophageal reflux may 
be the cause in some of these patients. If so, a feeding je- 
junostomy might be a beter alternative. Another ap- 
proach would be to convert PEG to a feeding jejunostomy 
and venting gastrostomy by means of a double lumen 
catheter. Patients without gastroesophageal reflux who 
experience aspiration are of greater concern because 
institution of enteral feeding does not lower the risk of 
aspiration. When PEG is considered in patients with a 
history of aspiration, we recommend that a barium swal- 
low test and perhaps esophageal manometry and pH 
studies be conducted to determine whether the aspiration 
is a result of pharyngeal or esophageal dysfunction (Ta- 
ble 2). If gastroesophageal reflux is present, a feeding 
jejunostomy or a percutaneous feeding jejunostomy- 


Arch Surg—Vol 127, March 1992 


venting gestrostomy should be performed. If pharyngeal 
coordination is at fault, postoperative aspiration will be 
common regardless of the type of feeding system. "617 In 
this circumstance, a permanent tracheostomy might be 
considered just to prevent aspiration pneumonia. Regard- 
less of the details of an individual case, however, it is im- 
portant to emphasize the seriousness of aspiration in this 
group of patients and to recognize that feeding gas- 
trostomy is more apt to aggravate than to alleviate the 
problem. 

The wound infection rate of 7% was within the range 
previously reported for PEG and open gastrostomy. 1879 
Three of these infections were minor. One patient died, 
however, because of necrotizing fasciitis. This serious 
complicaton, which has been described before,” proba- 
bly occurred because the skin incision was not large 
enough to allow adequate drainage.” 

All fouz wound infections occurred in patients with 
head and neck cancer with poor oral hygiene and bac- 
terial colcnization of the pharynx and esophagus. The 
patient who died of necrotizing fasciitis did not receive 
prophylactic antibiotics, whereas the three patients 
with wound cellulitis did. Although we did not find a 
protective effect of prophylactic antibiotics, the number 
of patients was too small to answer this question. Be- 
cause of the risks of infection, however, we believe 
that prophylactic antibiotics should be given to all pa- 
tients scheduled for gastrostomy or other gastric oper- 
ations in which the stomach is colonized by bacteria.” 
Since this includes patients with achlorhydria, gastric 
stasis, immunodeficiency, and head and neck cancer, 
prophylactic antibiotics would be given to almost all 
patients undergoing PEG. 

The rate of wound infection and aspiration pneumonia 
was higher in patients who underwent PEG using the 
Sachs-Vine technique, but the difference was not signif- 
icant.’ Tube displacement occurred with the Russell 
technique’ only in three patients early in our series who 
required open gastrostomy, and it became less common 
as we became more familiar with the technique. To pre- 
vent tube displacement with the Russell technique, it is 
important to keep the stomach insufflated until the gas- 
trostomy tube is secured, so that the introducer or the 
gastrostomy tube does not pull out of the stomach. To 
prevent tube displacement after the procedure, the cath- 
eter ballcon in the stomach should be completely filled 
and pulled up snug against the abdominal wall. The bal- 
loon port should be clearly marked to prevent accidental 
deflation. 

The high mortality rate among our patients was not 
surprising,>"! since many of the patients had incurable 
diseases. Nevertheless, it is of concern that the gas- 
trostomy procedure and subsequent gastrostomy feed- 
ings hastened the deaths of seven of the patients. Our 
objective was to prevent life-threatening complications 
and to avoid performing PEG in patients in whom the 
complications could not be prevented. At present, we 
recommend that gastrostomy be used sparingly and with 
utmost caution in patients with spontaneous bouts of as- 
piration pneumonia. 

This study was supp¢ 
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In the article entitled “Pediatric Nonrhabdomyosarcomas of the Extrem- 
ities: Influence of Size, Invasiveness, and Grade on Outcome,” published 
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should read”. . 
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the text in the right-hand column labeled “Grade 3 (G3)” should read 
“... mitotic index of =5 per 10 high-power fields.” 
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Hypocalcemia During Sepsis 


Relationship to Resuscitation and Hemodynamics 


Kenneth W. Burchard, MD; H. Hank Simms, MD; Ann Robinson, PhD; Ronald DiAmico; Donald S. Gann, MD 


e The ionized calcium (IC) and parathyroid hormone 
response to polymicrebial intra-abdominal sepsis and the 
relationship between IC and hemodynamic alterations with 
and without crystaliaid resuscitation were investigated. 
Thirty swine underwent cecal ligation and incision (n= 19) 
or sham laparotomy (n=11), with seven animals that had 
cecal ligation and incision administered Ringer’s solution 
(50 mL/kg) after each set of measurements recorded on days 
0, 1, 2, 4, and 8. An early decrease in mean arterial pressure 
and cardiac index in animals that had cecal ligation and in- 
cision reversed with resuscitation. The IC also fell early and 
parathyroid hormone tevel increased in both the unresusci- 
tated and resuscitated septic groups. However, correlation 
coefficients of mean arterial pressure and cardiac index 
with IC ranged from .@34 to .287 in the septic animals and 
were lower in the greup that had sham laparotomy. We 
conclude that polymicrobial intra-abdominal sepsis results 
in decreased IC and an elevated parathyroid hormone level. 
Hemodynamics do not correlate with IC levels, and resus- 
citation can be achieved without calcium administration. 
(Arch Surg. 1992;127:265-272) 


H ypocalcemia is eommon in critical surgical illness, 
particularly in septic states."® The cause of de- 
creased serum ionized calcium (IC) in sepsis has been as- 
cribed to intracellular migration, decreased parathyroid 
function, renal 1--hydroxylase insufficiency, vitamin D 
deficiency, and calcitrol resistance.”° Resuscitation with 
large volumes of fluic, crystalloid and albumin solutions, 
has also been postulated as a mechanism.’ 

Decreased IC has been associated with diminished car- 
diovascular function during sepsis in humans and ani- 
mals. Consequently, calcium administration has been 
advocated for resusctation.°* However, several studies 
have failed to demonstrate a significant relationship 
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between IC and hemodynamics. These results suggest 
that supplemental calcium therapy may be unneces- 
sary.” 

Hypoperfusion states, particularly when caused by 
hemorrhage, are also associated with hypocalcemia.*” 
Hypoperfusion of any etiology, rather than sepsis, may be 
the link w:th hypocalcemia. Hypocalcemia during sepsis 
might be expected to respond to hemodynamic resuscita- 
tion without aggressive calcium administration. The pur- 
pose of this study was to investigate the IC and parathy- 
roid hormone response to polymicrobial intra-abdominal 
sepsis, the relationship of IC to hemodynamic alterations, 
and the irfluence of crystalloid resuscitation on calcium 
homeostasis. 


MATERIALS AND METHODS 


Under general anesthesia (ketamine hydrochloride, 20 mg/kg) 
followed by thiamylal sodium (80 mg/kg) and then halothane 
inhalation, 30 swine (female; weighing 20 to 25 kg) were 
subjected to femoral and pulmonary artery catheterization (Bax- 
ter Edwards Laboratories, Irvine, Calif) followed by sham 
laparotomy (SHAM, n=11) or cecal ligation and incision (CL, 
n=19). After preparation, the following measurements were re- 
corded for awake animals secured in a sling: mean arterial pres- 
sure (MAF), cardiac index (CI) by thermal dilution (Baxter 
Edwards Laboratories computer), central venous pressure, pul- 
monary capillary wedge pressure, pulmonary artery pressure, 
arterial PO» arterial pH, arterial PCO, serum urea nitrogen, cre- 
atinine, hemoglobin, temperature, white blood cell count, plate- 
let count, body weight, IC determined using the NOVA ion- 
selective electrode (NOVA Biomedical, normal range, 4.8 to 5.2 
mg/dL, coefficient of variance 0.7%), and parathyroid hormnone 
level determined using the parathyroid hormone—midmolecule 
radioimmunoassay (INCSTAR, normal range 29 to 85 pmol/L, 
minimal detectable level 10 pmol/L, coefficient of variance 9.5%). 
These measurements were recorded on the day of preparation 
(day 0), ard on days 1, 2, 4, and 8. Seven of the CL animals 
(CL+R) were administered 50 mL/kg lactated Ringer's solution 
after each set of measurements until day 8. After measurements 
were recorded on day 8, barbiturate anesthesia (thiamylal 
sodium 80 mg/kg) and median sternotomy using sterile proce- 
dure were used to allow sampling of cardiac blood for culture. 
After killing the animals with barbiturate (800 mg), the abdomen 
was entered to confirm the presence or absence of intra- 
abdominal sepsis in the CL animals. Cultures also were taken of 
the abdominal fluid in the CL animals. 

Body surface area was estimated using the following formula: 
body surface area = (weight in kilograms)” x 0.112." Cardiac in- 
dex was célculated by dividing cardiac output by body surface 
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Heart rate, beats per minute 





SHAM 117.7+4.9 127.4+6.1 139.8+7.5 147.6+6.1 140.0+5.6 

CL 117.8+6.8 158.7 +7.7tt 138.2+6.0 137.4+5.8+ 137.8+6.2 

CL+R 134.1+11.6 137.0+6.7 131.1+4.5 120.0 +4.7ł 137.9+3.9 
MAP, mm Hg 

SHAM 110.5£2.2 110.5 +4.8 105.2+2.9 110.3 +3.5 107.7 +6.0 

CL 95.4+3.8§ 94.5 + 3.0§|| 98.6+4.1 102.6+3.8 99.5+4.7 

CL+R 98.7+4.0 106.1+4.2 106.9+4.2 109.1+6.3 117.4+8.8 
Cl, L-/min-m? 

SHAM 4.26+0.40 3.88 + 0.43 4.22+0.44 4.32+0.63 4.27 + 0.38 

CL 3.75 +0.37 2.94+0.288] 3.13 +0.34t9 3.83 +0.41 3.96 +0.58 

CL+R 4.60 + 0.34 4.32 + 0.30 4.57 +0.35 4.26 +0.13 4.46 +0.52 
Hemoglobin, g/L 

SHAM 104+ 13 93+8 98+4 90 +6 89+6 

OL 122+25 1135 102+5 93+6 91+6 

CL+R 102+3 97+3 89+3 91+3 87+8 


*MAP indicates mean arterial pressure; Cl, cardiac index; SHAM, sham laparotomy; CL, cecal ligation and incision; and CL+R, CL and 


Ringer’s solution. 
tP<.01 vs SHAM. 
+P<.05 vs day 0 value. 
§P<.05 v SHAM. 
|P<.05 vs CL+R. 
{P<.01 vs CL+R. 
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Fig 1.— Changes in mean arterial pressure (MAP) observed over the 
experimental period. Animals that had cecal ligation and incision 
(CL) (open circles) had a lower blood pressure than animals that had 
sham laparotomy (SHAM) (open squares) on day 0 and a lower 
blood pressure than SHAM and CL animals given Ringer's solution 
(CL+R) (closed circles) on day 1. This difference was no longer 
present by day 2; however, by day 8, CL animals had a lower blood 
pressure compared with CL+R animals. Asterisk indicates P<.05 vs 
SHAM; dagger, P<.05 vs CL+R. 


area. Systemic vascular resistance index and pulmonary shunt 
were calculated using standard formulas. For days 1 through 8, 
the percent weight change was calculated by dividing body 
weight by the day 0 weight and multiplying by 100. For each 
group, sequential IC measurements were correlated with simul- 
taneously measured CIs and MAPs gathered during the entire 
study period. 

Statistical analysis was done using two-way analysis of vari- 
ance with correction for repeated measures over time. Individ- 
ual means were compared using the Newman-Keuls’ test. Lin- 
ear correlation was done using software (Statworks) for a specific 
computer (Macintosh SE). All data are presented as mean+SE. 
Data are considered significantly. different when P<.05. 
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The protocol was approved by the institution’s committee 
governing the care of experimental animals. Analgesic medica- 
tion (buprenorphine hydrochloride, 0.01 mg/kg) was adminis- 
tered once a day to all animals for the first 3 days. Animals were 
allowed food and water ad libitum. 


RESULTS 
Hemodynamics 


Before the daily resuscitation regimen began, no differ- 
ence was noted in pulmonary capillary wedge pressure, 
pulmonary artery pressure, or systemic vascular resis- 
tance index among the three groups. Heart rate increased 
on day 1 in the CL animals but, in the CL+R groups, it 
was no different from SHAM; by day 4 heart rate in the 
CL+R group was less than that in SHAM animals (Table 
1). Approximately 60 minutes after surgical preparation 
(day 0, awakened from anesthesia), MAP was signifi- 
cantly lewer in the nonresuscitated (CL) animals than in 
SHAM animals, but was not lower than CL+R MAP. On 
day 1 the CL animals maintained the lowest MAP, which 
then increased to SHAM levels by day 2 and was signif- 
icantly lower than CL+R MAP by day 8 (Table 1; Fig 1). 
Cardiac index in CL animals was less than CI in SHAM 
and CL+R animals on days 1 and 2, then no different than 
that of SHAM and CL+R animals by day 4 (Table 1; Fig 
2). Hemoglobin level remained constant and was not dif- 
ferent among groups. 

Immediately following resuscitation, central venous 
pressure, pulmonary capillary wedge pressure, and CI 
increased without a change in heart rate (Table 2). The 
MAP increased following resuscitation only on day 0. 
Systemic resistance did not change on day 0 but decreased 
after resuscitation on days 1, 2, and 4. 


Pulmonary Function 


By day 2, arterial Po, fell in CL animals and was less 
than that in SHAM and CL+R animals from day 1 through 
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day 8 (Table 3). Pulmonary shunt was increased in CL 
animals on day 2 compared with SHAM and CL+R ani- 
mals, and was elevated compared with SHAM animals on 
day 8 (Table 3). Arterial pH increased significantly in both 
septic groups from cay 1 through day 8 and was no dif- 
ferent on day 8 compared with day 1. Arterial PCO, data 
did not correlate well with the pH data, decreasing 
significantly in all three groups on day 1 compared with 
day 0. 


Cardiac Index (Cl), Leminem? 


Days 

Fig 2.— Changes in card.ac index (Cl) during the experimental pe- 
riod. On day 1, CI was lower in animals that had cecal ligation and 
incision (CL) (open circles) than in animals that had sham laparot- 
omy (SHAM) (open squares; and CL animals given Ringer’s solution 
(CL+R) (closed circles); this continued through day 2. By day 4, Cl 
in CL animals equaled that in SHAM and CL+R animals. Asterisk in- 
dicates P<.05 vs SHAM: two asterisks, P<.01 vs SHAM; and two 
daggers, P<.01 vs CL+P. 





Renal Function 


The serum urea nitrogen level increased in CL animals 
on days 1 and 2, with return to SHAM levels by day 4 
(Table 4). The serum urea nitrogen level did not increase 
in CL+R animals. Creatinine concentration was elevated 
in CL animals compared with that in SHAM on day 1 only. 
The CL+R creatinine concentration was initially lower 
than that of SHAM and CL. The CL+R creatinine con- 
centration increased on day 1 but was less than that in 
SHAM and CL animals again by day 8 (Table 4). 


Bacteriologic Status 


Body temperature increased after day 0 in all three 
groups, without difference among the groups. The white 
blood cell count increased gradually in both septic groups, 
being highest on day 8 (Table 5). Platelet count was not 
different among the groups. 

Staphylococcus aureus was cultured from the cardiac 
blood in three SHAM animals, and in two other SHAM 
animals, coliform organisms were present in the blood 
and in a catheter cultured at an infected insertion site. In 
CL and CL+R groups, positive blood cultures correlated 
well with the type of organisms cultured from the 
abdominal cavity (Table 6). 


Body Weight 
Body weight declined slightly in the CL and CL+R 
groups, whereas it increased in SHAM animals (Table 7). 


IC and Parathyroid Hormone 


Ionized calcium and parathyroid hormone data are pre- 
sented in Table 8 and diagrammed in Figs 3 and 4. On day 
0, IC was greater in CL+R animals than in SHAM and CL 
animals. The CL+R group received lactated Ringer’s solu- 
tion each day after the calcium level was measured. Ionized 


Table 2.—Hemodynamic Factors Before and After Resuscitation* 


Heart rate, beats pe~ minute 


Before 
After 


CVP, mm Hg 
Before 
After 


PCWP, mm Hg 
Before 
After 


Cl, L/min/m? 
Before 
After 

MAP, mm Hg 


Before 
After 


SVRI, dyne-sec:cm:5/m? 
Before 
After 


134.1 +11.6 
141.9+10.9 


9.7 21.7 
EE ode OF 


5.3+1.2 
7.02% 1.2 


4.6+0.3 
5.7+0.4t 


98.7+4.0 
111.0+3.0t 


1602 + 146 
1437 + 124 


137.0+6.7 
129.3+4.8 


9.5+1.0 
12.1+0.8t 


6.0+1.8 
7.2+1.9 


4.3+0.3 
5.50.37, 


106.1+4.2 
99.3+3.3 


1843 + 164 
1298 + 83t 


131.1+4.5 
128.7 +3.1 


9.5+0.8 
12.0+0.9t 


5.6+1.0 
8.7+1.0 


4.6+0.4 
5.9+0.2t 


106.9+4.1 
106.1+4.8 


1795 + 210 
1279 + 807 





120.0+4.7 
123.7+5.8 


8.8+0.6 
12.2+1.0t 


7.2+0.9 
10.7 £1.2% 


4.3+0.1 
5.1£0.1f 


111.6+7.1 
109.6+4.4 


1939 + 133 
1530 + 88t 


*CVP indicates central venous pressure; PCWP, pulmonary capillary wedge pressure; Cl, cardiac index; MAP, mean arterial pressure; 


and SVRI, systemic vaseular resistance index. 


tP<.01. 


+P<.01 for all data. 
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Table 3.—Pulmonary Data* __ 






































94.0+5.9 90.4+3.2 90.0 +2.8 95.2+3.5 90.6+3.5 
CL 96.5+4.3 83.5+2.8 74.9+5.4tt 76.6+3.2t§ 76.9 +4.5§|| 
CL+R 99.7+2.3 93.1225 90.9+4.4 83.4+3.5 88.9+3.5 
Pulmonary shunt, % 
SHAM 13.02 + 2.20 12.25+1.10 13.32 +1.62 11.24+1.30 11.10+0.97 
CL 13.01+1.14 13.63 +1.29 21.63 + 4.48tt 15.82 +1.33 15.65 + 2.55]| 
CL+R 8.7+0.66 8.57 +0.51 11.79 +2.39 12.5+2.06 10.27 +0.85 
Arterial pH 
SHAM 7.44+0.01 7.43 +0.02 7.45+0.02 7.46+0.02 7.48+0.01 
CL 7.43+0.01 7.52+0.01t4 7.50 +0.02||f 7.50 + 0.02f 7.50 +0.01||f 
CL+R 7.43 +0.08 7.52+0.01t4 7.53+0.01t4 7.52+0.01t4 7.49+0.014 
Arterial PCO? 
SHAM 38.8+3.0 32.1+2.24 36.5+1.6 36.6+1.7 36.6+1.0 
40.0+1.5 31.3+0.7# 35.2 £1.5 37,11.0 37.8+1.8 
44.0 +1.3|| 32.7 +1.51 33.0+1.09 38.6+0.99 37.14+1.89 






















*SHAM indicates sham laparotomy; CL, cecal ligation and incision; and CL~+R, CL and Ringer’s solution. 
tP<.01 vs SHAM. 

#P<.01 vs CL+R. 

§P<.05 vs CL+R. 

|P<.05 vs SHAM. 

{P<.01 vs day 0 value. 

#P<.05 vs day 0 value. 


Table 4.—Renal Function Data* 


Serum urea nitrogen, mmol/L 
4.3+0.6 
6.5 +0.5tł 
4.7 +0.2 


Creatinine, pmol/L 
SHAM 80+5 
CL 90 + 5/4 
CL+R 90 +64 


*SHAM indicates sham laparotomy; CL, cecal ligation and incision; and CL~R, CL and Ringer’s solution. 
+tP<.01 vs SHAM. 

$+P<.01 vs CL+R. 

§P<.05 vs CL+R. 

|P<.05 vs SHAM. 

§{P<.01 vs day 0 value. 





Table 5.—Infection Data* | 


Body temperature, °C 
39.83 + 0.34t 


39.82 +0.23t 
39.82 + 0.86t 


39.82 +0.15t 
40.28+0.14t 
40.28 +0.20t 


39.60 + 0.20T 
39.82 + 0.31t 
39.82 + 0.10t 


38.35 + 0.21 39.63 +0.14t 
37.74 +0.38+ 40.22 + 0.09t 
37.07 + 0.324 40.23 +0.27t 


WBC, x 10°/L 
SHAM 14.98+1.10 17.77 +2.03 19.04+2.05 21.69 + 1.66 18.48 +1.52 
CL 14.4+1.65 21.27 +1.92§ 18.47+1.95 22.86 + 2.09]| 26.65 +3.57t4 
CL+R 11.09+ 1.66 14.27 +2.96 16.46 + 2.36 17.91 +1.24 22.94+2.62t 


*WBC indicates white blood cell count; SHAM, sham laparotomy; CL, cecal ligation and incision; and CL+R, CL and Ringer’s solution. 
tP<.01 vs day 0 value. 

+P<.01 vs SHAM. 

§P<.05 vs CL+R. 

||P<.05 vs day 0 value. 

qP<.05 vs SHAM. 
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= Table 6.—Bacteriologic Data* 


Coliform 

Coliforms 

Escherichra coli 

NG 

Enterobacter 
Staphylococcus aureus 
S aureus 

S aureus 


NG 

Acinetobacter calcoacetius 
NG 

S aureus 

E coli 

E coli/Kledsiella 

NG 

Coliforms 

Klebsielle 

E coli 


Coliforms 


Anaerobe 
Klebsiella/Streptococcus 
Enterobacter 


Bacteroides 
Anaerobe 


Streptococcus 
Streptococcus 
Streptococcus 
Bacteroides 
Anaerobe 


S aureus 

E coli 
Citrobac&r 
Citrobac&« 


Abdomen 


Catheter 


Coliform 
Coliforms 
E coli 

NC 

NC 


E coli Bacteroides 
Streptococcus NC 
Coliforms 
E coli 
Coliforms 


Bacteroides 
Streptococcus 


Coliforms 
Coliforms 
Coliforms 
E coli 

Coliforms 
Coliforms 
E coli 

Coliforms 


Streptococcus/Bacteroides 
Streptococcus 
Streptococcus 
Streptococcus 
Streptococcus 
Streptococcus 
Streptococcus 

Anaerobes 


Streptococcus 
Streptococcus 


Streptococcus 
Coliforms Streptococcus 


NC 





*NC indicates not cultured; NG, no growth; SHAM, sham laparotomy; CL, cecal ligation and incision; and CL+R, CL and Ringer’s 


solution. 


Table 7.—Percent Body Weight* 


100.0+ 0.0 


100.5 + 0.7 
102.5 +0.7 
98.3 + 0.2 


100.0 + 0.0 
100.0 +0.0 





*SHAM indicates shm laparotomy; CL, cecal ligation and incision; 


tP<.01 vs SHAM. 


calcium levels in SHAM animals demonstrated a gradual in 
crease up to day 4, then a decline by day 8. Inthe CL animals, 
a significant decline -n IC began on day 1, continued to day 
4, and was significamtly less than that in SHAM animals on 
days 1 through 4. A similar pattern for IC was noted in the 
CL+R group, but the day 1 level was not different from the 
SHAM group levels. The parathyroid hormone level did not 
change significantly im the SHAM group. In the CL group, 
parathyroid hormone levelincceased by day 1 and continued 
to be elevated through day 4. A similar pattern was noted in 
the CL+R group. 


Hemodynamic Correlations 


Table 9 lists the hemodynamic correlations between IC 
and MAP and betw2en IC and CI. No significant correla- 
tions were noted between IC and CI in any group. The 
MAP was related to IC only in the CL group, but the R 
value of .213 indicates a weak relationship. 
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102.8+1.1 106.7 +1.7 
100.7 +1.= 97.4+2.0T 
98.7+1.C 96.4+2.0T 


and CL+R, CL and Ringer's solution. 


110.0+2.7 
93.53.25 
95.6+3.8T 


Parathyroid Hormone and IC Correlations 


Parathyroid hormone and IC demonstrated no correla- 
tion in the SHAM animals. The average increase in IC on 
day 4 was associated with an insignificant decrease in 
parathyrcid hormone level. The variation in parathyroid 
hormone level from day to day (17%) was not markedly 
different from the variation of the assay (9.5%). In 
contrast, in the CL and CL+R groups, with greater alter- 
ations in [C and parathyroid hormone levels during the 
study period, a significant linear correlation was demon- 
strated (parathyroid hormone vs IC in CL, r=.513, 
P<.001 Fg 5;0;0]; parathyroid hormone vs IC in CL+R, 
r=.564, F<.001 J). 


COMMENT 


Decreased serum IC has been documented in clinical 
and experimental sepsis.*”** The physiologic significance 
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Table 8. —Calcium and Parathyroid Hormone Data* 


Variable 


IC, mg/dL 


Parathyroid hormone, pmol/L 


Oo ANAO ORNO 


SHAM + SE 


4.98 + 0.10 
4.97+0.11 
5.34+0.12 
5.48+0.20§ 
5.04+0.11 


58.5+3.0 
51.4+4.7 
60.6+4.6 
47.6+3.5 
55.0+5.2 


CL+R+SE 


5.46 +0.08t 
4.73 +0.06§ 
4.81+0.214§ 
5.01 +0.144§ 
5.36+0.13 


69.5+5.5 
96.9+ 3.54 
79.1+3.4¢ 
100.1 + 9.44 
68.7 +5.6|| 


5.05+0.10 
4.44+ 0.06} 
4.54+0.084§ 
4.72 + 0.09} 
5.04+ 0.13 


56.9+7.5 
100.7 +10.2+ 
82.9 +8.3|| 
76.6+6.4ł 
66.1+6.9 





*SHAM indicates sham laparotomy; CL, cecal ligation and incision; CL+R, CL and Ringer's solution; and IC, ionized calcium. 


tP<.01 vs day 0 SHAM and day 0 CL. 
+P<.01 vs SHAM. 

§P<.01 vs day 0 value. 

\|P<.05 vs SHAM. 


6.0 


DD 


5.0 


lonized Calcium (IC), mg/dL 


4.5 


4.0 


Days 


Fig 3.— Changes in ionized calcium (IC) in the three experimental 
groups. Abbreviations are explained in the legends to Figs 1 and 2. 
Two asterisks indicate P<.01 vs SHAM; and two section marks, 
P<.07 vs CL. 


and therapeutic implications of this hypocalcemia are as 
obscure as the etiology, with some evidence suggesting 
that organ dysfunction, particularly cardiovascular dys- 
function, may be improved by calcium supplementation, 
and other evidence suggesting that calcium may be toxic, 
especially if it migrates into cells.'*° 

Hypovolemic hypoperfusion is associated with extra- 
cellular hypocalcemia” and septic states often result in 
hypovolemic hypoperfusion, especially before volume 
resuscitation is instituted. Therefore, sepsis-induced hy- 
poperfusion may be a primary factor in the associated 
hypocalcemia. 

Several reports document only slightly elevated or nor- 
mal parathyroid hormone levels during sepsis or hypov- 
olemic hypoperfusion, especially when compared with 
the effect of extracellular calcium chelation.” This “in- 
adequate” parathyroid hormone response has been im- 
plicated as a cause of hypocalcemia. Since parathyroid 
hormone elevation normally follows rather than precedes 
hypocalcemia, a limited response may contribute to con- 
tinuing hypocalcemia but cannot initiate it. 

Most of the studies measuring parathyroid hormone 
have been clinical, often using single measurements, 
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Parathyroid Hormone, pmol/L 





Days 


Fig 4.— Changes in parathyroid hormone in the three experimental 
groups. Abbreviations are explained in the legends to Figs 1 and 2. 
Two asterisks indicate P<.01 vs SHAM; one asterisk, P<.05 vs 
SHAM. 


without the benefit of longitudinal information. A recent 
longitudinal study of patients in a surgical intensive care 
unit” documented different IC and parathyroid hormone 
levels in survivors compared with nonsurvivors. Ionized 
calcium level was lower and parathyroid hormone level 
was higher during the first four intensive care unit days 
in nonsurvivors. These differences were no longer 
present by day 5 in the intensive care unit. Therefore, 
similar to the animal study in this report, the human IC 
and parathyroid hormone response to insult is time 
dependent and precludes meaningful interpretation of 
data gathered at a single time point. 

This study was designed to investigate the “natural 
history” of sepsis-induced hypocalcemia and to measure 
the effect of sepsis with and without hemodynamic 
resuscitation on IC and parathyroid hormone levels. The 
relationship between IC and hemodynamics was also as- 
sessed. 

The sepsis model used for this study clearly does not 
result in septic shock, yet it did result in significant 
hemodynamic, pulmonary, and renal alterations, most of 
which returned to SHAM values spontaneously. Most of 
the alterations reached SHAM values more rapidly fol- 
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- Table 9. —Hemodynamic Correlations* 


Correlation 
Coefficient 
(r Value) 





MAP ys IC 
MAP ys IC 
MAP vs IC 


Cl vs IC 


Cl vs IC 
Cl vs IC 


*SHAM indicates sham laparotomy; CL, cecal ligation and inci- 
sion; CL+R, CL and Ringer’s solution; MAP, mean arterial pres- 
sure; IC, ionized calcium; and Cl, cardiac index. 


lowing resuscitation, including alterations in PO, and 
pulmonary shunt. Curiously, despite the mild nature of 
this infectious insult on the organ functions studied, 
white blood cell court elevation was continuing at day 8 
and the bloodstream still contained intra-abdominal or- 
ganisms. In addition, the infectious insult impeded nor- 
mal weight gain in these young pigs regardless of the 
cardiopulmonary and renal response to resuscitation. 
This sepsis also resulted in other alterations that were in- 
dependent of resuscitation. 

The polymicrobia! intra-abdominal sepsis used in this 
model produced an early decline in IC levels, which was 
accompanied by a significant linear increase in parathy- 
roid hormone levels. The events occurred simultaneously 
with decreased mean MAP and mean CI, but individual 
IC, MAP, and CI values demonstrated no relationship for 
the entire 8-day study period. By 8 days after insult and 
despite bacteremia and intra-abdominal infection, the re- 
duced calcium and elevated parathyroid hormone levels 
returned to baseline spontaneously. Hemodynamics 
spontaneously returned to baseline by day 4. Resuscita- 
tion with lactated Ringer’s solution reversed both the hy- 
potension and the decreased CI on days 1 and 2, but did 
not reverse the decline in IC or the increase in parathyroid 
hormone level. 

The higher baseline IC (actually measured approxi- 
mately 1 hour after the cecal ligation and rupture) in the 
CL+R group compared with the SHAM and CL groups is 
unexplainable. The method for measuring IC in these an- 
imals was no different. Despite the higher baseline 
values, the significant decline in IC by day 1 and the sub- 
sequent course of this variable in the CL+R group closely 
paralleled the sequence of IC changes in the CL group. 
Therefore, sepsis without hypoperfusion results in early 
hypocalcemia and increased parathyroid hormone levels. 

Arterial pH was imcreased in both septic groups and 
remained elevated throughout the study period. Since 
this elevation persisted as IC values returned to baseline 
values, arterial pH cannot solely be responsible for the 
sequence of IC alterations. The slight elevation in serum 
urea nitrogen and creatinine values seen only on day 1 is 
not likely sufficient renal insult to result in significant el- 
evations in serum phosphate values or other renal mech- 
anisms of hypocalcemia. 

The results of this study indicate that extracellular ion- 
ized hypocalcemia does occur as a result of sepsis, and 
suggests strongly that this hypocalcemia stimulates par- 
athyroid hormone release. Despite the increase in par- 
athyroid hormone levels, the hypocalcemia persists, but 
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Fig 5.—Linear correlation between ionized calcium (IC) and par- 
athyroid hermone in the cecal ligation and incision group. 
Y = 241.65 —34.254x; r=.513; and P<.001. 
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Fig 6.—Linear correlation between ionized calcium (IC) and par- 
athyroid hormone in the animals in the cecal ligation and in- 
cision groep that were given lacatated Ringer’s solution. 
Y = 194.91 —22.017x; r=.564; and P<.007. 


gradually returns to baseline. The changes in IC levels 
parallel hemodynamic changes but are insufficiently re- 
lated to be considered causal. Resuscitation that reverses 
the hemodynamics has little effect on calcium and par- 
athyroid hormone levels. 

Alterations in IC and parathyroid hormone levels are 
dependen: on the time course of the insult and are most 
evident 24 hours after the septic focus is established. 
Therefore, one-time samples, such as those used in most 
clinical studies, might appear only slightly abnormal be- 
cause the major process begins several days earlier or be- 
cause samples are taken within a few hours of insult. 

The results of this study argue against the necessity of 
providing calcium for hemodynamic resuscitation. The 
amount of calcium in lactated Ringer’s (3 mEq/L), with 
about 1 L given for each resuscitation, would not have 
been expected to affect calcium levels, as the data dem- 
onstrate. This volume was sufficient to restore hemody- 
namics to SHAM levels, although not sufficient to estab- 
lish the cnaracteristic hyperdynamic state seen when 
larger volumes of fluid are administered to patients with 
sepsis. The effect of further resuscitation and possible 
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augmentation of the circulation on calcium homeostasis 
remains to be studied. 

The use of high-dose calcium as part of a resuscitation 
regimen was not performed in this study. Recently, this 
treatment has been found to provide no benefit in exper- 
imental sepsis. Furthermore, the hemodynamic re- 
sponse to calcium infusion in normal individuals (ie, el- 
evation in blood pressure and cardiac output) makes 
unclear the distinction between pharmacologic effect and 
replacement of a deficit." 

Calcium administration is most clearly beneficial when 
hypocalcemia results from processes that predominantly 
affect extracellular calcium (chelation, elevated phosphate 
level, parathyroid hormone deficiency, vitamin D defi- 
ciency). One of the best examples of chelation effect is el- 
evated citrate levels measured during liver transplanta- 
tion when the native liver is removed. Administration of 
calcium under this rather unique circumstance, which 
precludes liver metabolism of citrate, results in hemody- 
namic improvement.” 

Hypocalcemia from such extracellular mechanisms is 
also associated with increased neuromuscular irritability. 
Curiously, sepsis-associated hypocalcemia in man rarely 
results in neuromuscular irritability.! None of our animals 
manifested seizure activity or muscular spasm and none 
was observed in our clinical study.” 

If extracellular calcium sequestration is not clearly the 
cause of sepsis-associated hypocalcemia, then intracellu- 
lar migration of calcium must be considered. Recent ev- 
idence demonstrates increased levels of skeletal muscle 
calcium during sepsis and other inflammatory states, 
which may interfere with protein metabolism. 1°?! Human 
interleukin 1 reduces IC levels in rats, suggesting a 
sepsis-related mediator of this phenomenon.” An in- 
tracellular increase in IC levels may improve function 
of muscle, for example, just as digitalis improves car- 
diac muscle function. However, high levels of intracel- 
lular IC are toxic to cardiac muscle and other tissues.”4 
Augmentation of sepsis-induced intracellular migration 
by the administration of exogenous calcium might 
prove harmful, as suggested by a study of endotoxin 
shock in rats.” 

We conclude that sepsis results in decreased extracel- 
lular calcium levels, which stimulates parathyroid hor- 
mone secretion. This effect is most evident 24 hours after 
the septic insult. Subsequently IC and parathyroid hor- 
mone levels spontaneously return to baseline. Hemo- 
dynamics are not correlated with IC levels, and resus- 
citation can be achieved when IC levels have not 
returned to normal. Resuscitation with crystalloid does 
not exacerbate hypocalcemia. Calcium replacement is 
unnecessary for hemodynamic resuscitation during 
sepsis. 
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Original Article 


Central Venous Catheterization in Patients 
With Coagulopathy 


Preston F. Foster, MD; Lucy R. Moore, RN, BSN; Howard N. Sankary, MD; Marquis E. Hart, MD; 
Marilyn K. Ashmann, RN, MSN; James W. Williams, MD 


è To explore the risk cf bleeding complications during per- 
cutaneous central venous catheterization in patients with 
coagulopathy, 40 liver transplant recipients underwent 259 
percutaneous central venous catheterizations. Two hun- 
dred two catheterizations were performed in patients with 
coagulopathy, as evicenced by their prothrombin times, 
activated partial thromboplastin times, and/or platelet 
counts, Furthermore. ao attempt was made to correct these 
episodes of coagulopathy with medications or infusion of 
blood products. No serious bleeding complications oc- 
curred during the 259-catheterizations, which suggests that 
experienced clinicians using appropriate techniques may 
safely perform central venous catheterization in patients 
with abnormal prothrombin times, activated partial throm- 
boplastin times, and platelet counts. 
(Arch Surg. 1992;127:273-275) 


€ entral venous catheters are useful for hemodynamic 

monitoring and for the administration of medications 
and parenteral nutrition.’ Unfortunately, percutaneous in- 
sertion may result in >leeding complications, including in- 
sertion site bleeding, subcutaneous hematoma, mediastinal 
hematoma, and hemothorax.’ Although it seems logical that 
the risk of serious bleeding complications might be higher in 
patients with coagulopathy thanin those without,’ the actual 
risk associated with percutaneous central venous catheter in- 
sertion in this circumstance may be quite low.* Furthermore, 
because of the unsubs=antiated fear of life-threatening bleed- 
ing complications in this clinical situation, many clinicians 
have opted for a variety of unproven, cumbersome, and pos- 
sibly harmful alternatives to the usual percutaneous inser- 
tion of central venous catheters. The purpose of this study 
is to determine the actual risk of serious bleeding complica- 
tions following percutaneous central venous catheterization 
in patients with varying degrees of coagulopathy. 


MATERIALS AND METHODS 


Forty liver allograft recipients, who underwent 259 central 
venous catheter insertions between January 1988 and December 
1988, were reviewed retrospectively. Prothrombin time (PT), ac- 
tivated partial thrombeplastin time (APTT), and platelet (PLT) 
count were determinec on the day of catheter insertion. The in- 
cidence of bleeding camplications, including insertion site bleed- 
ing, hemothorax, mediastinal hematoma, and subcutaneous 
hematoma, were tabulated. 

The PT was determined with Quick’s one-stage method? us- 
ing the Medical Laboratory Automation Inc (Pleasantville, NY), 
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700 Analyzer. Normal PT values range from 65% to 130% of 
control values in this coagulation laboratory. The APTT was de- 
termined with the same analyzer.®° Normal APTT values range 
from 21 to 31 seconds in this coagulation laboratory. The PLT 
count was determined with the Coulter (Miami Lakes, Fla) 
Model S analyzer. Phase microscopy with a Neubauer hemocy- 
tometer was performed if the PLT count was less than 35 x 10°/L 
by the autamated method (Coulter). Normal PLT values range 
from 150 x 10°/L to 399 x 10°/L in this hematology laboratory. 

Insertion site bleeding was a hemorrhage that required removal 
of the catheter or surgical intervention, including placement of 
suture liga-ures at insertion sites. Bleeding that was arrested 
with manual pressure was not considered significant and, 
therefore, was not tabulated as a bleeding complication. Hemo- 
thorax was € pleural opacity on a chest roentgenogram confirmed 
by aspiraticn of blood by thoracentesis. Mediastinal hematoma was 
a collection of blood in the mediastinum clinically evident from 
serial hemetocrit concentrations, and confirmed by the appear- 
ance of an appropriate density on a chest computed tomogram 
or roentgemogram. No attempt was made in this retrospective 
analysis to document subclinical hemothoraces and mediastinal 
hematomas. Subcutaneous hematoma was bleeding beneath the 
skin at the catheter insertion site that required surgical interven- 
tion to arrest bleeding or evacuate the clot. 

Percutaneous catheter insertion into the internal jugular 
(n= 149 [5&%]) and subclavian vein (n= 110 [42%]) was accom- 
plished us:ng Seldinger’s technique.’ Insertion attempts were 
performed with a 16-gauge needle through which a 0.879-mm-— 
diameter guide wire was passed into the punctured vessel. Over 
this wire, 8. 5F (n= 210 [81%]) or 7F (n= 149 [19%]) catheters were 
inserted inco the appropriate vessels. These large-caliber cathe- 
ters were chosen because of the need for hemodynamic monitor- 
ing with Swan-Ganz catheters, and the necessity of 
administration of fluids inherent to the perioperative care 
of the live- allograft recipient. The majority of these catheters 
(90% ) were inserted by physicians who had a minimum of 4 years 
of experience in central venous catheter in- sertion, and who had 
completed more than 100 successful attempts. 

Coagulopathy was an abnormality of the patient’s PT, APTT, 
and/or PLT count. An abnormally low PLT was less than 
80 x 10°/L.* An abnormally low PT was 40% of control or less. An 
abnormally prolonged APTT was 77 seconds or greater. No at- 
tempt was made to improve these coagulation abnormalities 
with infusion of blood products or medications before catheter 
insertion. Coagulation test values were classified into the fol- 
lowing four groups: “minimal” or absent coagulopathy, and cat- 
egories I through III coagulopathy. “Minimal” or absent coagu- 
lopathy was classified as a normal PT, APTT, and PLT count. In 
patients wth category I coagulopathy, only one of these param- 
eters was abnormal; in category II, two parameters were abnor- 
mal; and in category III, three parameters were abnormal. 


RESULTS 


Catheter insertions were performed in patients with cat- 
egory I (n= 160), category II (n= 40), and category II (n=2) 
coagulopathy. Fifty-seven catheter insertions were per- 
formed in patients with normal coagulation test results 

“minimai” coagulopathy). The average abnormal PT 
(n= 122) was 29% of control (range, 39% to 10%). The aver- 
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age abnormal APTT (n=3) was 92 seconds (range, 78 to 100 
seconds). The average abnormal PLT count (n=122) was 
47 x 10°/L (range, 8 x 10°/L to 79 x 10°/L). 

There were no bleeding complications in 259 insertions. 
Therefore, the incidence of bleeding complications was 
not different between attempts performed with or with- 
out coagulopathy. However, one potential bleeding com- 
plication occurred as a consequence of an error in tech- 
nique. An 8.5F catheter was inadvertently placed into the 
subclavian artery of a patient with category III coagulop- 
athy. Although no hemorrhage developed, the catheter 
was removed following operative exposure of the subcla- 
vian artery to avoid life-threatening bleeding. Following 
excision of the right clavicle, with proximal and distal 
control of the subclavian artery, the catheter was removed 
and the vessel defect repaired. This patient recovered 
without sequelae related to this procedure. 


COMMENT 


Traditionally, the PT, APTT, and PLT count have been 
used to assess the function of the coagulation system; the ab- 
normalities of these test results are characteristic of coagul- 
opathy. Furthermore, abnormalities of these results have 
been described as risk factors for procedural bleeding com- 
plications.®’ To date, the use of these tests in assessing the 
risk of bleeding complications following central venous cath- 
eterization has not been tested. This lack of data required that 
we review similar percutaneous procedure studies for spe- 
cific coagulation test results associated with increased bleed- 
ing complications. A PT less than 40% of control values, and 
a PLT countless than 80 x 10*L are associated with increased 
bleeding complications following percutaneous liver biop- 
sies. Although APTTs are not highly predictive of increased 
procedural bleeding complications," patients treated with 
heparin do have significantly increased nonoperative 
bleeding complications when the APTTs are regulated to 
14 to 2 times the control values (ie, APTT >77 seconds)." 
The coagulation categories for this study were devised 
from these values, which describe the degree and possible 
combinations of derangements of these coagulation tests 
in our study. 

When coagulopathy is present, as defined by derange- 
ments of these test results, several strategies may be used to 
minimize the risk of bleeding complications in patients who 
require urgent central venous catheterization. First, central 
venous catheter insertion may be avoided in “high-risk” pa- 
tients. Hemodynamic monitoring and infusion of parenteral 
nutrition would have to be accomplished by other means. 
Unfortunately, alternative monitoring, such as physical ex- 
amination, evaluation of blood pressure, and serial weights 
may not be adequate for minute-to-minute evaluation of car- 
diac output and vascular volume in critically ill patients.” 
Furthermore, because hypertonic parenteral nutrition flu- 
ids sclerose small, peripheral veins, the high volumes of 
diluted fluids required to meet nutritional needs via these 
peripheral veins’ may lead to excessive fluid retention and 
pulmonary edema. 

Second, central venous access can be achieved via op- 
erative exposure of peripheral veins and subsequent 
direction of catheters into the central venous circulation. 
Although direct pressure and suture ligation of bleeding 
vessels may prevent bleeding complications, sites of this 
nature are limited, and catheter infection’* and suppura- 
tive thrombophlebitis” are common. Central venous 
catheter placement via a peripheral vein may be difficult, 
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. Manometer Reading |. 
Manometer Level 
Fluctuation With 
Respiration, <30 cm 
in Height Confirms 
Venous Placement 


Continuous Flow 
of Blood out of 
the Top of the 
Manometer 
Confirms Arterial 
Placement 


Technique to avoid large-caliber puncture of adjacent subclavian 
and caratid arteries during percutaneous central venous catheter- 
ization. The manometer readings differ between each insertion site. 


time-consuming, or occasionally impossible, due to vari- 
ation and tortuosity of peripheral venous anatomy. 

Third, central venous access may be achieved through per- 
cutaneous insertion of catheters into the external jugular 
veins. Although the safety of this technique has been doc- 
umented, the small size, tortuosity, and inability to repeat- 
edly cannulate the external jugular vein limits its use. 

Fourth, a central vein may be cannulated percutaneously 

following infusion of blood products to “correct” the coag- 
ulopathy. However, no evidence is available to support the 
benefit of treatment of coagulopathy or to suggest to what 
degree and/or duration this treatment should be pursued to 
avoid bleeding complications. Critically ill liver allograft re- 
cipients, like many other patients with coagulopathy, usu- 
ally have liver dysfunction and/or sepsis. Correction of co- 
agulopathy in this context usually requires infusion of large 
volumes of blood products. If the goal is normalization of co- 
agulation test results, it is a short-lived achievement. The 
high number of catheterizations required in each patient in 
our series would necessitate the administration of tremen- 
dous volumes of blood products. Pursuing treatment of the 
coagulopathy solely to avoid bleeding complications follow- 
ing catheter insertion may lead to several problems. First, 
some of our patients with coagulopathy had renal and pul- 
monary failure. The excess fluid administration associated 
with the infusion of large volumes of blood products may 
lead to fluid overload and pulmonary edema. Second, the 
infusion of blood products has a small, but definite risk of 
transmission of hepatitis’ and acquired immunodeficiency 
syndrome. The preponderance of these problems and lim- 
itations in liver transplant recipients necessitated the imple- 
mentation of a fifth, and somewhat unconventional, ap- 
proach used in our series. 
' The patients in our study underwent percutaneous 
central venous catheter insertion without attempts to 
correct the coagulopathy. This strategy avoids excess fluid 
administration and swiftly meets the needs of hemody- 
namic monitoring and parenteral nutrition. 

Bleeding complications following percutaneous central 
venous catheter insertion are rare (2.1% to 2.5%).”° In our 
study, 202 percutaneous central venous catheter inser- 
tions were performed in patients with coagulopathy. No 
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serious bleeding complications occurred. Likewise, in a 
recent study of central venous catheter insertions in pa- 
tients with coagulopathy, the incidence of bleeding com- 
plications was low (1%).* 

Most bleeding complications occur as a result of an ar- 
terial puncture with a large-caliber catheter.**” Therefore, 
strict adherence to standard patient positioning and direc- 
tion of the insertion needle are essential.” Furthermore, 
confident determination of the nature of the punctured 
blood vessel (ie, venous or arterial) is especially critical in 
these patients before large-caliber cannulation proceeds. 
The pathophysiologic characteristics of many of the med- 
ical illnesses associated with coagulopathy may compli- 
cate this determination. Patients with hepatic failure” 
and/or sepsis” have significant arteriovenous shunting, 
which produces venous blood that appears bright red. 
Furthermore, some of these patients may also have high 
central venous pressures.’ Together, these produce the 
appearance of an arterial puncture, although the needle 
has been correctly directed into the vein. Conversely, pa- 
tients in cardiogenic shock may have relatively desatu- 
rated arterial blood,~ which appears dark red. Coupled 
with the presence of hypotension, an arterial puncture 
may have the appearance of venous blood, although the 
needle has been incorrectly directed into the artery. 

Toassistin the confident determination of the nature of the 
punctured vessel before large-caliber cannulation, a tech- 
nique we use may be helpful. A 30-cm length of sterile tubing 
may be attached to the inserted needle’s hub and positioned 
like amanometer. Venous insertion will exhibit a blood level 
within the tubing that reaches a constant level, and then fluc- 
tuates with the patient’s respirations. Arterial insertion will 
exhibit a blood level that will continuously rise, and flow out 
the top of the tubing (Figure). Alternately, the inserted nee- 
dle’s hub may be attached to a transducer and oscilloscope.” 
If an arterial waveform is noted, arterial placement is con- 
firmed. If an adjacent artery has been punctured as con- 
firmed by either of theabove techniques, the relatively small- 
caliber insertion needle may be removed witha relatively low 
risk of serious bleeding complications. The manometer tech- 
nique is quick, easy to interpret, requires a minimum of plan- 
ning on the part of the clinician, and does not require ancil- 
lary personnel or equipment. 

If a large-caliber catheter (=8.5F) is inadvertently inserted 
into an adjacent subclavian artery in a patient with uncor- 
rectable category III coagulopathy, operative exposure and 
repair of the punctured vessel is recommended,” as per- 
formed in the one patient in our series. Clinicians may at- 
tempt to monitor the patient for clinical evidence of blood 
loss following removal of a large-caliber catheter from the 
subclavian or carotid artery in the operating room with the 
patient’s chest and neck draped to determine the require- 
ment for an operative procedure. Unfortunately, if signifi- 
cant bleeding develops within the chest or externally via the 
puncture site, the situation is immediately transformed into 
a life-threatening surgical problem (ie, control of exsan- 
guination from the carotid or subclavian artery without prox- 
imal or distal control). 

No data were previously available to refute or support the 
contention that the presence of coagulopathy significantly 
increases the incidence of bleeding complications following 
central venous catheterization. Traditionally, percutaneous 
central venous cannulation in these patients is avoided or 
supplanted by time-consuming and often unsuccessful op- 
erative cannulation of peripheral veins. Most of these pa- 
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tients with coagulopathy are severely ill and require emer- 
gency intervention. Although some clinicians attempt treat- 
ment of the coagulopathy with infusion of blood products 
before catheter insertion, the extent of treatment to avoid 
bleeding complications is unknown. Furthermore, infusion 
of blood products carries many risks.” Therefore, with the 
lack of bleeding complications documented in this and other 
studies,* even in patients with marked simultaneous de- 
rangements of coagulation test results, the experienced 
clinician using simple precautions and techniques may safely 
undertake emergency, percutaneous subclavian and inter- 
nal jugular venous catheterization. Furthermore, these at- 
tempts need not be preceded by infusion of blood products 
or medications to correct the coagulopathy. 
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è Hepatic vascular exclusion with double venovenous by- 
pass using a centrifugal force pump was used in major he- 
patic resections in eight patients with hepatocellular carci- 
noma combined with cirrhosis, and results were compared 
with those in four patients with hepatocellular carcinoma 
without cirrhosis and eight with metastatic tumors without 
cirrhosis among 521 patients undergoing liver resection. 
Concomitant resection of the retrohepatic inferior vena 
cava was performed in three of eight patients with cirrhosis 
and five of 12 patients without cirrhosis. All patients, except 
one with cirrhosis, tolerated major resection without any 
hemodynamic impairment, which is often observed in he- 
patic vascular exclusion without venovenous bypass. One 
patient, whose complete inflow occlusion period was 70 
minutes, died of liver failure. In this patient, the recovery of 
the arterial ketone body ratio above 1.0 was delayed until 
3 days after recirculation, whereas the ratio in the others 
recovered promptly. Postoperative complications such as 
increased bilirubin level, pleural effusion, and gastrointes- 
tinal tract bleeding were observed in seven of eight patients 
with cirrhosis compared with six of 12 without cirrhosis. 
Hepatic vascular exclusion is feasible even in cirrhotics as 
long as it is applied with venovenous bypass and is kept 
within the time limit of 60 minutes. 
(Arch Surg. 1992;127:276-280) 


T he utility and safety of hepatic vascular exclusion 

(HVE) for hepatic resection have been well docu- 
mented, since it reduces the risks of massive hemorrhage 
and air embolism caused by accidental tearing of the vena 
cava or hepatic vein. Delva et alf emphasized that a 
noncirrhotic human liver can tolerate HVE for up to 90 
minutes. Bismuth et al* applied HVE to major hepatic re- 
section for 46.5+5.0 minutes, with an operative mortality 
of 2%. Although their results were excellent, their series 
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did not include cirrhotic cases. Hepatocellular carcinoma 
(HCC) is commonly associated with cirrhosis in Japan.’ In 
our own experience of 521 liver resections, 308 were for 
HCC, of which 242 (78%) were accompanied by cirrhosis. 
Huguet et al’ used HVE in hepatic resection in cirrhotics 
in their earlier series, with discouraging results. The high 
mortality in that series can be attributed to some draw- 
backs inherent in the HVE procedure. One is blood pool- 
ing in the lower half of the body, resulting in such hemo- 
dynamic alterations as decreased cardiac index and 
arrhythmia due to decreased blood return to the 
heart.*°*” Another drawback particularly related to por- 
tal congestion is recirculation injury to the ischemic liver, 
especially in cirrhotics, as we previously documented 
from the standpoint of energy metabolism.'*” A potential 
solution to these problems is expected with the introduc- 
tion of the concept of double venovenous bypass as de- 
veloped by transplantation groups.” 

In this study, the results of hepatic resection under HVE 
with venovenous bypass in eight cirrhotic patients was 
compared with those in 12 patients without cirrhosis. 


PATIENTS AND METHODS 
Patients 


Between January 1985 and April 1990, a total of 521 patients 
underwent liver resection at the Second Department of Surgery, 
Kyoto (Japan) University Hospital. Liver resection with HVE us- 
ing venovenous bypass was performed in eight cirrhotic patients 
with HCC (cirrhotic group [CG]) and in 12 noncirrhotic patients 
(noncirrhotic group [NCG]), of whom four had HCC and eight 
had metastatic tumors (five of the colon, one of the stomach, one 
of the breast, and one gastrinoma) (Table 1). 

The following characteristics of the tumor were selected for the 
application of HVE coexistent with liver cirrhosis: (1) the tumor 
was huge and occupied most of the area of a hepatic lobe, (2) the 
tumor was close to the main hepatic vein and/or the inferior vena 
cava (IVC) or suggestive of having invaded them, and (3) the tu- 
mor thrombus existed in the portal trunk or in the IVC. 

Preoperative diagnosis of liver cirrhosis was made from the 
clinical data and information obtained from ultrasonography, 
computed tomography, or magnetic resonance imaging. It was 
confirmed from the postoperative histologic findings of removed 
specimens. The indocyanine green clearance rate and glucose 
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Table 1.—Type of Lesions Requiring Liver Resection 





Cirrhosis No Cirrhosis 


















No. of patients (No. M/F) 8 (7/1) 12 /(9/3) 
Age, y 
Range 42-72 36-70 
Mean = SE 58.0+5.0 56.2+2.9 
Hepatocellular carcinoma, No. 8 4 
Metastatic tumor, No. 0 8 
Colon 0 5 
Stomach 0 1 
Gastrinoma 0 1 
Breast 0 1 


tolerance test, including redox tolerance test, were used for the 
evaluation of liver functional reserve in those patients selected 
for the HVE technique. 


Operative Procedures 


Operative procedures consisted of the combined techniques of 
HVE" and venovenous bypass with the use of an active centrif- 
ugal force pump (Bicpump; Bio-Medicus Inc, Minnetonka, 
Minn)" (Fig 1). The femoral and portal vein cannula joined at the 
Y-connector, the other end of which led to the conical head of 
the centrifugal force pump. The return flow was to the axillar 
vein. Vascular exclusien was obtained by applying a vascular 
clamp to the hepatic pedicle to occlude inflow, after which the 
IVC was first clamped below and then above the liver. Since the 
liver was then bloodless, it could be resected with a knife or 
Scissors. 

In a typical cirrhotic patient, a 65-year-old woman, a right 
lobectomy was performed as illustrated in Fig 1. The orifice of the 
right hepatic vein to the IVC was resected together with the cau- 
dal wall of the IVC to allow the tumor to be resected en bloc (Fig 
2, top). An IVC defect was covered with an expanded polytef 
patch (Fig 2, bottom) by the method previously reported. Bi- 
lirubin levels were increased to 103 pmol/L on the 6th postoper- 
ative day, and pleural effusion was drained for 3 days. The pa- 
tient was subsequently discharged from the hospital after a stay 
of 52 days. She was alive 15 months after the operation. 


Other Examinations 


The duration of pump operation, period of complete inflow 
occlusion, and blood loss were measured. Postoperative com- 
plications and outcomes were also summarized. The influence of 
HVE on liver and renal function was evaluated by measurement 
of arterial ketone body ratio (AKBR),”” serum creatinine levels, 
prothrombin time, and serum aminotransferase, bilirubin, total 
protein, and albumin levels, compared with the preoperative 
values. 


Statistical Analysis 


Data were expressed asmean+SEM. Statistical analysis was done 
by either Wilcoxon test or x? test. P<.05 was considered significant. 


RESULTS 


In the CG, there were seven men and one woman aged 
42 to 72 years (mean+SEM, 58.0+5.0 years). In the NCG, 
there were nine men and three women aged 36 to 70 years 
(56.2+2.9) (Table 1). No significant differences between 
the CG and the NCG were observed in sex and age dis- 
tributions. Hepatic lesions requiring liver resection are 
also summarized. The CG included only patients with 
HCC, and the NCG included four patients with HCC and 
12 with metastatic tumors. 
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Fig 1.—Hezatic vascular exclusion with venovenous bypass. The 
extracorporeal bypass was performed with a centrifugal force pump 
from the portal and the femoral vein to the axillary vein. After sat- 
isfactory bypass flow was obtained, hepatic vascular exclusion was 
induced by clamping the portal vein, hepatic artery, and inferior 
vena cava below and above the liver. 


The exżent of the resections in the two groups is shown 
in Table 2. Many advanced liver tumors, which are usu- 
ally considered inoperable, were treated in this series. The 
portal vein tumor thrombus in the main trunk or its 
bifurcatien was removed in five patients in the CG and 
four patients in the NCG. The hepatic vein and/or IVC 
thrombus was also removed in one patient in the CG and 
three patients in the NCG. Additional operative proce- 
dures to the retrohepatic IVC were performed in three 
patients in the CG. Two were replacements of the IVC 
wall with an artificial vein (expanded polytef) patch (Fig 
2, bottom), and the other was a partial resection followed 
by simpl closure. Segmental resection of the IVC and re- 
construction with expanded polytef graft were performed 
in three patients, and simple closure was performed in 
two patients in the NCG. 

No significant differences between the CG and the NCG 
were observed in duration of pump operation, period of 
complete inflow occlusion, and blood loss (Table 2). 

The postoperative changes in aminotransferase levels, 
prothrombin time, and creatinine, bilirubin, total protein, 
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Fig 2.—Right lobectomy with hepatic vascular exclusion in a 
cirrhotic patient. Top, The orifice of the right hepatic vein was re- 
sected with the caudal wall of the inferior vena cava (IVC). Bottom, 
The defect of the IVC was reconstructed with an expanded polytef 
patch, and other holes in short hepatic veins were stitched with 5-0 
polypropylene suture (Prolene). 


and albumin levels are shown in Table 3 in the CG and the 
NCG. Mean values in the CG were slightly lower, but 
there were no significance differences between them. 
Figure 3 shows the recovery tendency of AKBR after 
recirculation in both groups. The recovery of AKBR after 
recirculation was prompt in CG and NCG with two 
exceptions. The one exception in the CG, who underwent 
right lobectomy associated with IVC reconstruction for 
HCC located close to the IVC, had slow recovery of AKBR 
and continued at low levels until the third postoperative 
day. In this case, the period of complete inflow occlusion 
was 70 minutes, and the alanine and aspartate ami- 
notransferase levels increased to 788 U/L and 633 UIL, re- 
spectively, on the first postoperative day. Total bilirubin 
level increased to 106 pmol/L on the second postoperative 
day and reached a maximal level of 363 pmol/L on the 10th 
postoperative day. Massive bleeding from a giant stom- 
ach ulcer occurred on the 11th postoperative day and ne- 
cessitated gastrectomy. The patient subsequently died of 
liver insufficiency on the 16th postoperative day. This 
patient was the only one who died within 30 days after the 
operation in this series. The other exception, in the NCG, 
underwent extended right lobectomy for a huge meta- 
static tumor from colon cancer, weighing 2850 g. The 
AKBR continued below 1.0 until the first postoperative 
day. Although bilirubin levels increased maximally to 
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Type of resection, No. 
Right trisegmentectomy 
Extended R lobectomy 
R lobectomy 


L lobectomy 


Tumor thrombi in PV, No. 

Tumor thrombi in HV or IVC, No. 
IVC resection, No. 

Duration of centrifugal force pump 


operation, min 
23-80 23-70 
54.3+6.3 57.0+4.4 


Range 
Mean + SEM 


Peried of complete inflow 
occlusion, min 


14-70 8-56 
32.1+5.3 39.4+4.7 


Range 
Mean + SEM 
Blood loss, mL 
Range 
Mean + SEM 


2500-7760 2230-7200 
5914+668 5651+524 





*PV indicates portal vein; HV, hepatic vein; IVC, inferior vena 
cava. 






Table 3.—Changes in Liver and Renal Function Test 
Results Before and After Liver Resection in Cirrhotic and 
Noncirrhotic Patients* 


Pre- 
operative 















Day 2 Day 7 Day 14 









AST, U/L (12-32) 
Cirrhosis 
No cirrhosis 


ALT, U/L (5-26) 
Cirrhosis 
No cirrhosis 


PT, S 
Cirrhesis 
No cirrhosis 


68.9+25.9 124.5+32.6 45.34+5.6 59.3+15.5 
75.0+21.0 21.5+78.3 43.8+21.1 36.3+6.7 










55.6+15.0 128.3+45.3 47.0+9.2 50.6+13.6 
77.9+24.7 204.4+66.9 52.3+11.2 31.3+3.9 
















12.5+0.3 
12.0+0.2 


14.2+0.9 
12.5+0.3 


13.7+0.3 14.5+0.9 
12.4+0.3 12.8+0.3 













Creatinine, nmol/L 
(53-115) 
Cirrhosis 
No cirrhosis 






719 7129 71+9 







Bilirubin, pmol/L 
(2-15) 
Cirrhosis 
No cirrhosis 






14+2 41+9 






Total protein, g/L 
(68-85) 
Cirrhosis 
No cirrhosis 


Albumin, g/L 
(40-51) 

Cirrhosis 

No cirrhosis 






74+2 71+1 











39+2 41+1 


38+1 






*Normal values are given in parentheses. There were no significant 
differences between patients with and without cirrhosis. AST indi- 
cates aspartate aminotransferase; ALT, alanine aminotransferase; and 
PT, prothrombin time. 
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Fig 3.—Recovery rate af arterial ketone body ratio after recirculation 
to the liver in the cirrhotic (top) and noncirrhotic (bottom) groups. 
From 0 to the first dat2 point on each line indicates the period of 
complete inflow occlusion. The arterial ketone body ratio recovered 
to the normal level promptly after recirculation, except in one Cir- 
rhotic patient, whose *nflow occlusion was more than 70 minutes, 
and in one noncirrhowc patient. 


154 pmol/L on the 11th postoperative day and pleural ef- 
fusion necessitated puncture twice, the patient recovered 
from the complications. He was alive 7 months after the 
operation. 

In the CG, seven of eight patients tolerated this aggres- 
sive surgery, and postoperative complications, such as 
pleural effusion, increased bilirubin level, and gas- 
trointestinal tract b.eeding, occurred in all but one. On the 
other hand, only half of the patients in the NCG had 
postoperative complications, even though they under- 
went more aggressive operations. Postoperative renal 
failure was not observed in this series. 

Figure 4 shows zhe cumulative survival curve in each 
group. There were long survivors in the NCG, but no 
significant differemces were observed between the two 
groups in survival rate, since the number of patients was 
still small. 


COMMENT 


A huge tumor lecated close to the IVC or hepatic vein 
in cirrhotic patients has been considered inoperable 
because of the possibility of postoperative liver failure. As 
French surgeons Fave repeatedly emphasized, the HVE 
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Fig 4.— Cumulative survival curve in the cirrhotic (broken line; N=8) 
and noncirthotic (solid line; N=12) groups. There were no signif- 
icant differences between groups. 


technique would be ideal for the resection of these 
tumors, if the cirrhotic patients could tolerate the surgery. 
Even in Bismuth and coworkers” series on noncirrhotic 
patients, fluid preloading before clamping of the IVC was 
necessary to obtain hemodynamic stability during HVE,” 
to prevent the blood pressure from drastically decreasing 
as soon as the blood flow was interrupted. In this study, 
HVE with an active venovenous bypass was used in eight 
cirrhotic patients in comparison with 12 noncirrhotic pa- 
tients. The use of the centrifugal force pump in the man- 
ner reported by Shaw et al” contributed greatly to the 
maintenance of intraoperative hemodynamics, or to the 
decompression of the portal area. No patient developed 
hypotension even during HVE, or stagnation injury to the 
intestinal tract. 

We have repeatedly documented that these hemody- 
namic changes during operation increase the intraopera- 
tive stress score, as measured by the cumulative period of 
AKBR below 0.4.18 Prolonged AKBR decrease below 0.4 
is closely related to postoperative mortality and morbid- 
ity, to which cirrhotic patients are highly susceptible. 
When the HVE with venovenous bypass is used, the pe- 
riod of decreased AKBR is restricted to the period of in- 
flow occlusion. In the conventional methods of liver 
resection, AKBR fluctuated whenever essential maneu- 
vers in hepatectomy, such as hilar vessel control, liver 
mobilization, and parenchymal dissection, were done. 

The recovery rate of AKBR after recirculation is another 
important measure. Rapid recovery of AKBR indicates the 
ability of the liver to maintain the postoperative energetic 
metabolism that determines liver regeneration and the 
viability of the graft after liver transplantation.” Al- 
though one patient who died of liver failure showed a 
delayed recovery of AKBR for 3 days and an ischemic time 
(inflow occlusion time) of more than 70 minutes, the other 
patients tolerated HVE well. Judging from the data, the 
early recovery of AKBR after recirculation clearly showed 
that even a cirrhotic liver can tolerate prolonged ischemia 
up to 60 minutes when portal congestion is neutralized. 

Nagasue et al” succeeded in performing liver resection 
with Pringle’s maneuver in cirrhotic patients; they per- 
formed a segmentectomy or subsegmentectomy within 
the ischemic time limit of 32 minutes, although no huge 
tumor was involved.” The discouraging results of Huguet 
et al in cirrhotic patients may be attributed to the 
prolonged ischemic time without decompression of por- 
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tal area. Although we describe herein the superiority of 
this method, the blood loss is high, because of the 
advanced nature of the tumors and the existence of unex- 
pected collateral vessels. The aortic occlusion technique 
may also contribute to this problems.” 

As the cirrhotic patients were selected solely for the use of 
HVE technique, the results of liver and renal function tests 
before operation were not significantly different between the 
CG and the NCG. As shown in Table 3, no coagulation prob- 
lems arising from the use of the pump were observed. 

At present, the long-term overall survival in the CG is 
unsatisfactory, which is in part due to the fact that a 
number of our patients had highly advanced disease and 
had been denied operation at another facility. However, 
it can be concluded that HVE can be used safely even in 
cirrhotic patients by our method. To improve long-term 
survival, we are now working on multimodality therapies 
in addition to surgical removal of the tumor. A portion of 
these attempts has been reported elsewhere.” 


This study was supported in part by grants from the Scientific 
Fund of the Ministry of Education and a grant-in-aid for cancer re- 
search from the Ministry of Health and Welfare, Japan. 
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Anatomical Axiona 


Canals separated by wedges of bone transmit structures (vessels or nerves) 
that are either converging or diverging. 
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è Groin dissection was performed in 151 consecutive pa- 
tients from 1970 to 1984. Groin dissections were therapeu- 
tic in 138 cases (91%) and elective in 13 (9%). One hundred 
forty-three patients (95%) underwent an ilioinguinal node 
dissection, while eight (5%) were treated with an inguinal 
node dissection. In 88 patients, the groin dissection was 
combined with isolated regional perfusion. Primary wound 
closure was performed in 140 patients (93%). There was no 
30-day postoperative mortality. Complications included 
temporary seroma (26 [17%] of 151 patients), wound 
infection (14 patients [9%]), wound necrosis (five patients 
[3%]), and edema (30 patients [20%]). Residual inguinal 
node metastases after groin dissection did not occur. Mor- 
bidity of groin dissection did not increase when the groin 
dissection was combined with isolated regional perfusion. 
Quantification of the degree of edema in 66 patients 
revealed functional limitation due to edema in three pa- 
tients (4.5%). This technique of groin dissection gives good 
results with minimal functional morbidity of the affected 
leg. 
(Arch Surg. 1992;127:281-286) 


Pee dissection may be performed for several reasons. 
Therapeutic groin dissections are the treatment of 
choice when inguinal node metastases are present. Elec- 
tive groin dissection may be performed when inguinal 
node metastases have not yet clinically appeared. The in- 
dication for elective groin dissection is still controversial,’ 
and several techniques have been described.*° Frequent 
complications includ2 disturbed wound healing, wound 
infection, and edema.* 

Since 1970, we have used the same technique of groin 
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dissection.* We describe herein the technique and the re- 
sults obtained from 1970 to 1984. Moreover, a study of the 
degree of edema and the final functional results are 
discussed. 


PATIENTS AND METHODS 


From 1970 to 1984, 151 consecutive patients underwent groin 
dissection for melanoma of the lower extremity at the Groningen 
(the Netherlands) University Hospital. An oval strip of skin from 
the inguinal region (8 cm in width) (Fig 1) was always excised en 
bloc with the nodes. The oval skin incision was started about 2 
cm medially to the anterior superior iliac spine (Fig 1). Laterally, 
the incision takes a caudal course over the central part of the 
sartorius muscle. This incision practically obviates the need for 
mobilization of skin flaps (which is required if no skin excision 
is made). The skin incision can be modified if necessary, eg, 
when a cicatrix from a biopsy is to be removed. 

It is of paramount importance to avoid injury to the wound 
edges. The abdominal skin, along with a few millimeters of sub- 
cutaneous fat, is dissected sharply up to a level about 5 cm cra- 
nial to the inguinal ligament. From this point on, dissection is 
continued on the aponeurosis of the external oblique muscle 
until the inguinal ligament is reached. At the lateral boundary of 
the sartorius muscle, the fascia lata is incised from the anterior 
superior iliac spine as far as the long adductor muscle. On the 
median side, the fascia is opened on the medial side of the long 
adductor muscle. The great saphenous vein is ligated caudally 
and divided at the site at which it crosses the skin and subcutis 
incision. 

The dissection is then performed from the most caudal point 
in cranial direction. After sharp dissection of the fascia lata from 
the sartorius muscle and slight lateral mobilization of this mus- 
cle, the superficial femoral artery and the femoral nerve next to 
it are identified, and dissection is continued cranially along these 
structures. The femoral vein initially extends on the dorsal side 
of the artery, but more cranially it extends to the medial side of 
the artery and comes into view. At its entry into the femoral vein, 
the great saphenous vein is ligated once more and severed. Once 
Poupart’s ligament is reached, it can be severed on the lateral 
side of the femoral nerve, at which point the dissection is 
extended para-iliacally up to the bifurcation of the common iliac 
artery. The obturator nodes are also removed. The dissected 
specimen is then pinned up and marked for histologic examina- 
tion. 

After the groin dissection, the field of operation is thoroughly 
rinsed with sodium hypochlorite, and Poupart’s ligament is re- 
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constructed. The sartorius muscle is then dissected free from the 
anterior superior iliac spine and mobilized over a distance of 
some 10 cm (Fig 2, left). The muscle is reverted medially to cover 
the femoral artery and vein and then sutured onto the inguinal 
ligament (Fig 2, right). Two vacuum drains are inserted into the 
wound, one along the vessels and the other in the subcutaneous 
space. Primary skin closure is nearly always possible despite the 
ample skin excision (Fig 3). Free skin grafts are required only if 
a very large skin excision has been made, as in cases of en bloc 
excision of the primary tumor and/or satellite/in-transit me- 
tastases. 

For the first 10 postoperative days, the patient is immobilized 
in bed with the leg elevated. The vacuum drains are left in situ 
at least 1 week. Sutures can be removed after 10 to 14 days. Once 
the wound has sufficiently healed, the patient is mobilized with 
a preoperatively measured, long elastic support stocking. This 
stocking should be worn at least 6 months. Immediately after the 
operation, anticoagulant therapy is started and continued until 
complete mobilization is achieved. Diuretics and antibiotics are 
not administered prophylactically. 

The 151 patients comprised 94 females and 57 males, with a 
mean age of 46 years and a median age of 44 years (range, 6 to 
78 years). In 44 patients, treatment of the primary melanoma 
consisted of surgical excision and primary closure of the wound. 
Ninety-six patients were treated with surgical excision and clo- 
sure of the defect with a free skin graft; in seven patients a toe 
was amputated, and in four patients the primary tumor site was 
unknown. The risk-increasing factors and preoperative local 
disorders in this series are listed below: 


Factor/Disorder No. of Patients 
Risk-increasing factor 
Severe overweight 26 
Diabetes mellitus 1 
Cardiac disorders 
Pulmonary disorders 
Previous embolism 
Combination of the above 
No disorders 
Preoperative local disorder 
Previous groin operation 
Preexisting edema 
Severe varicosis 
Previous thrombosis 
Previous trauma 
Combination of the above 
No disorders 
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One hundred forty-three patients (95%) underwent an ilio- 
inguinal node dissection, and eight patients (5%) underwent 
an inguinal node dissection only. One or two isolated lower- 
limb perfusions were performed in 127 (84%) of the 151 pa- 
tients In 88 patients, a femoral perfusion was performed with 
the groin dissection. A therapeutic groin dissection was per- 
formed in 138 patients (91%), while 13 patients (9%) under- 
went an elective node dissection. In 140 patients (93%) the 
surgical wound in the inguinal region was closed primarily; 
closure in the remaining 11 patients (7%) was accomplished 
with the aid of a split skin graft. 

The leg function after node dissection was studied. Of the 151 
patients, 82 (54%) died, most of them due to distant disease; 66 
(96%) of the 69 survivors could be examined. The mean interval 
between operation and follow-up was 4.8 years (median inter- 
val, 4.0 years; range, 1 to 14 years). The data on these 66 patients 
are listed in Table 1. 

Functional results were determined on the basis of anamnes- 
tic data, physical examination of the leg, and determination of 
the degree of edema. All patients were examined by one of the 
authors (J.J.vB.). Questions focused mainly on general daily 
physical activities and work. The physical examination focused 
on the functions of the hip, knee, and ankle and wound healing. 
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Fig 1.—Skin incision for groin dissection. 


The degree of edema was determined by comparing the mea- 
sured circumference of the thigh and lower leg of both legs. In 
addition, the leg volume was measured bilaterally. To do this, 
the leg was placed in a water-filled plastic cylinder up to the 
groin. Once the leg was removed from the cylinder, the leg vol- 
ume could be calculated from the volume difference of the wa- 
ter in the cylinder.’ 

The normal variations in circumference and volume differ- 
ences were determined with the aid of a control group: in 27 
healthy test subjects, the differences in circumference between 
lower legs and thighs and the volume difference between the 
two legs were measured. The differences in circumference 
ranged from 0 to 3.5 cm, and differences in volume ranged from 
0 to 6.5%. Therefore, these variations should be regarded as 
normal. For this study, the differences in circumference and 
volume were divided into four categories, as Table 2 shows. 


RESULTS 


None of the patients died after surgery. General com- 
plications included one pulmonary infection and one uri- 
nary tract infection, and one patient developed postoper- 
ative pulmonary embolism. The mean hospital stay for 
90% of the patients was 12.7 days. The overall postoper- 
ative hospital stay ranged from 7 to 132 days (mean stay, 
15.6 days; median stay, 13.0 days). 

Complications following groin dissection were divided 
into early and late (Table 3). Early complications were de- 
fined as occurring within 30 days of the operation. Sub- 
sequently developing complications were listed as late 
complications. 


Early Complications 


None of the patients developed postoperative hemor- 
rhage requiring intervention. A wound infection occurred 
in 14 patients (9%). This was treated in seven patients 
with antibiotic medication and/or some other conserva- 
tive therapy; in the other seven patients the infected 
wound required surgical treatment. Wound necrosis 
requiring excision occurred in five patients (3%). Postop- 
erative seroma puncture was performed in 25 patients 
(16%); a single puncture sufficed in six patients (4%), 
while 19 (12%) required several punctures. 
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Fig 2.—Left, Groin dissection with dissected sartorius muscle. Right, Covered femoral nerve, artery, and vein by sartorius muscle. 


Late Complications 


Two patients (1%) developed a lymph fistula. Edema 
was the most common late complication. Some degree of 
edema was diagnosed in 30 patients (20%) during the 
follow-up period; it was diagnosed within 6 months in 23 
patients and later in seven patients. Erysipelas developed 
once in five patients (3%) and two or more times in two 
patients (1%). Nine patients (6%) showed some degree of 
restriction in leg function due to leg edema. None devel- 
oped residual inguinal node metastases after the groin 
dissection. Primary wound healing without grafting was 
observed in 115 patients (76%), while in 13 patients (9%) 
primary wound healing was achieved by grafting (in two 
patients the wound was covered with a split skin graft in 
a later phase). Secondary wound healing occurred in 23 
patients (15%). 

The early and late complications following groin dis- 
section, with and without combined femoral perfusion, 
are summarized in Table 4. Femoral perfusion followed 
the groin dissection in 88 patients. Hyperthermic isolated 
regional perfusion was performed for 60 minutes via can- 
nulae in the femoral artery and vein, as described 
elsewhere.*? Table 4 demonstrates that there were no 
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Fig 3.— Wound closure after groin dissection. 
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p Table 1.—Clinical Data on 66 Patients With Functional 
_ Disorders of the Leg Following Groin Dissection* — 
Variable No. (%) of Patients 











19 (29) 








F 47 (71) 
Localization of primary tumor 

Thigh 23 (35) 

Lower leg 34 (51) 

Foot 7 (11) 

Unknown 2 (3) 







Groin dissection 









Therapeutic 56 (85) 

Elective 10 (15) 
Operation 

llioinguinal node dissection 22 (33) 

Inguinal node dissection 5 (8) 

llioinguinal node dissection with 

femoral perfusion 39 (59) 

Wound closure 

Primary closure 62 (94) 








4 (6) 


*The mean age of patients was 43.4 years; median age, 43 years; 
and age range, 13 to 71 years. 





Free skin graft 






_ Table 2.—Four-Category Classification of 
Circumference Differences and Volume Differences _ 


Slight 





Normal Moderate Severe 










Circumference 
difference, cm 





0-3.5 3.5-10 10-20 >20 






Volume, 
difference, % 





0-6.5 6.5-20 20-40 >40 





distinct differences in early or late complications between 
perfused and nonperfused patients; thus, perfusion did 
not increase morbidity in this series. 


Functional Results 


Of the 151 patients, 82 died during follow-up. Of the 69 
survivors, 66 could be examined; 20 patients (30%) 
resumed domestic activities or work within 3 months; 29 
patients (44%) did so after 3 to 6 months; 14 patients (21%) 
did so after 6 to 12 months; one patient (2%) did so after 
1 year; and two patients were retired. 

Of the 18 patients with a full-time job, two (11%) 
worked shorter hours after the operation. One female 
patient experienced problems due to edema after a 
30-minute walk. Occasional pain in the groin area was in- 
dicated by five patients (8%); the remaining 61 patients 
had no complaints of pain. Elevation of the leg as a result 
of edema was frequently practiced by 10 patients (15%), 
practiced only in the evening by 11 patients (17%), and 
never practiced by 45 patients (68%). Fatigue and heavi- 
ness in the treated leg were never felt by 53 patients (80%), 
felt only at the end of the day by eight patients (12%), felt 
occasionally by three patients (5%), and felt all through 
the day by two patients (3%). Sixty-five patients were 
questioned about the final result of the operation: 57 pa- 
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Table 3.—Early and Late Complications Following 
| Gioin Dimedin in 151 Patients iki | 


No. (%) of Patients 
Complication (N=151) 


Early complications 









Postoperative hemorrhage 0 






Weund infection 






Weund necrosis 






Se“oma 






Late complications 
Lymph fistula 2 (1) 
Edəma 
Within 6 months 














After 6 months 7 (5) 
Erysipelas 7 (5) 
Leg function disorder 9 (6) 
Residual inguinal node metastases 0 






Primary wound healing 
Without skin graft 
With skin graft 
Secandary wound healing 






115 (76) 
13 (9) 
23 (15) 















Table a Fay and Late Complications Following 
ilioinguinal Node Dissection (IIND) With and 
Without Femoral Perfusion = 
No. (%) of Patients* 
—_—_—______—_—_—_"vv_arv_au—“an 












IIND Without IIND With 
Femoral Femoral 
Perfusion Perfusion 







Complication (n=63) (n= 88) 









Early 









Wound infection 7 (11) 7 (8) 

Wound necrosis 3 (5) 2 (2) 

Seroma 13 (21) 12 (14) 
Late 

Lymph fistula 2 (3) 0 






Edema 












Within 6 months 11 (17) 12 (14) 
_ater 4 (6) 3 (3) 
Ervsipelas 2 (3) 5 (6) 









2 (3) 7 (8) 


“The nean postoperative stay was 14.4 days for patients under- 
going IIND without femoral perfusion and 16.4 days for patients 
undergeing IIND with femoral perfusion. 


Leg function disorder 


tients (88%) described it as good, six patients (9%) 
described it as moderate, and two patients (3%) described 
it aS poor. 

Clinacal examination disclosed a disturbed function of 
the treated leg in three patients (4.5%); in two of these 
patients there was limitation of movement in the hip and 
knee, while in one patient movement in the knee and an- 
kle was restricted. The surgical wound healed well in all 
patients. An area of anesthesia on the thigh was found in 
60 patents (91%) as a result of the operation. 

The degree of edema was determined and classified 
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from the differences in circumference and volume be- 
tween the two legs (Table 2). The difference in circumfer- 
ence (ie, the sum of the differences in circumference be- 
tween thighs and lewer legs) was determined in all 66 
patients; the volume difference was determined in 60 pa- 
tients. The results are listed in Table 5. Most patients 
(about 75%) were in the normal category. Only one 
patient had severe edema, and moderate edema was seen 
in 6% of the patients. 


COMMENT 


The literature has emphasized the high morbidity after 
groin dissections, as manifested by disturbed wound 
healing.” There are reports of several different techniques 
(especially with different skin incisions) to reduce these 
complications.?? Overviews of publications on series of 
groin dissections performed for melanoma are presented 
in Tables 6 and 7."°" 

All series involved groin dissections in patients with 
melanoma; only the series by Karakousis et al” included 
12% other tumors, while the series of Ames and Single- 
tary”? included 4% metastatic squamous-cell carcinomas. 











Circumference difference, 
No. (%) of patients 


Volume difference, 
No. (%) of patients 


50 (75.8) 11 (16.7) 4 (6.0) 1 (1.5) 


45 (75.0) 11 (18.3) 3 (5.0) 1 (1.7) 








Inguinal Lymph Node 
Dissection/Ilioinguinal 
Lymph Node Dissection, Leg 


Source, y No. of Patients % of Patients 


Holmes et al, 1977 
Karakousis et al," 1983 
Urist et al, 1983 
Ames et al,” 1985 
Bowsher et al," 1985 
Present study, 1991 


Mean 
Postoperative 
Stay, d 


No. of 
Patients 


Holmes et al, 1977 
Karakousis et al," 1983 
Urist et al," 1983 
Ames et al,” 1985 
Bowsher et al,'* 1986 
Present study, 1991 
*Question mark indicates uncertainty. 
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Wound 
Infection 


All series concerned combinations of inguinal and ilioin- 
guinal node dissections, both elective and therapeutic. 
The percentages of ilioinguinal node dissections differed 
per series. Wound closure was generally accomplished 
with the aid of a free skin graft. Holmes et al,” Ames et 
al, and our group performed mainly primary wound 
closures. Unlike the technique used in Groningen, how- 
ever, the procedure of Holmes et al and Ames et al’? ne- 
cessitates mobilization of skin flaps. Postoperative eleva- 
tion of the treated leg was reported in all series. 

Antibiotics were administered prophylactically by 
Holmes etal, Urist et al,? and Ames and Singletary”; no 
mention was made of this in other publications. No 
authors except us mentioned prophylactic anticoagulant 
medication, and in no series were diuretics mentioned. 
Urist et al’? and Bowsher et al’* did not mention the post- 
operative use of an elastic support stocking; in the other 
series the wearing of such a stocking for a few months was 
prescribed. The mean hospital stay ranged from 8.3 to 19 
days. A comparison of early and late complications 
reveals a strikingly high rate of complications in the series 
of Bowsher et alit, probably caused by reconstructions 
with mobilization of skin flaps. The marked differences in 
the seroma rate are striking; they have so far remained 
unexplained. Among the late complications, the rate of 
leg function limitation ranged from 6% to 21%. 

In all series, edema was the most common late compli- 
cation. Nearly all publications on groin dissections men- 
tion the presence/absence of edema following the opera- 
tion, but the true functional disorders of the leg are 
seldom described. The presence of edema does not nec- 
essarily indicate a leg function disorder. Holmes et al’® 
found edema (ie, a leg circumference difference in excess 


Prophylactic 
Antibiotic 


Prophylactic 


Elevation Anticoagulant 


Elastic Stocking 


Some months 
>6 mo 
? 
3-6 mo 
? 


6 mo 


Early Complications, 
% of Patients 


Late Complications, 
% of Patients 
—— 20 eRe 
Functional 
Disorder 


Wound 


Seroma Necrosis Edema 
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of 2 cm) in 20 (24%) of 84 patients, while 18 patients (21%) 
showed some degree of functional limitation of the 
treated leg. Urist et al! observed edema in 26% of patients 
and a functional disorder of the treated leg in only five 
(9%) of 58 patients treated with groin dissection. 

The discrepancy in the reported percentages of edema 
and functional disorder results from differences in defin- 
ing functional disorder or from failure to distinguish de- 
grees of edema. In our series, the functional disorders and 
the degree of edema following groin dissection were an- 
alyzed in 66 patients. Walking is an important anamnes- 
tic feature; walking problems due to edema developed in 
only one female patient (1.5%), but only after a 30-minute 
walk. Clinical examination revealed a functional disorder 
due to edema in only three patients, including the one 
patient with the walking problems. Of the 66 patients 
therefore, only three (4.5%) had an edema-related func- 
tional disorder (circumference difference in excess of 10 
cm and volume difference exceeding 20%). In their series 
of 84 patients, Holmes et al found no consistent corre- 
lation between severe functional limitation and lymph 
edema of the extremity. 

Approximately 7% of patients in our series had mod- 
erate or severe edema. Those patients in particular 
predispose to such complications as erysipelas and ul- 
cer of the leg. One patient in our series had severe 
edema and also developed recurrent erysipelas. Since 
edema mostly occurs within the first few postoperative 
months when no collaterals or newly formed lymphatic 
vessels have yet developed, prophylactic measures 
should be instituted early. This is why all our patients 
had to wear a preoperatively measured elastic support 
stocking from toes to groin for at least 6 months after 
the operation. 

Our findings show that functional disorders devel- 
oped in only a small percentage of cases following 
groin dissection; the percentages of edema and wound 
complications were likewise small, and no recurrent 
inguinal node metastases developed. The influence of 
postoperative treatment, including 10 days of leg eleva- 
tion, the use of anticoagulants, and an elastic stocking, 


286 Arch Surg—Vol 127, March 1992 


is not clear. However, this technique of groin dissec- 
tion is simple and oncologically sound, causes only 
minimal morbidity, and provides good short-term and 
long-term results. 
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Early Oral Feeding Following Removal of Nasogastric 
Tube in Gastrointestinal Operations 


A Randomized Prospective Study 


Amitai Bickel, MD; Benjamin Shtamler, MD; Solly Mizrahi, MD 


@ A study was conducted over a 23-month period to deter- 
mine the possibility of early postoperative oral feeding af- 
ter removal of a nasogastric tube in patients undergoing 
gastrointestinal operations. One hundred seventy-one pa- 
tients were prospectively randomized into two groups. The 
first group began liquid oral intake 4 hours after removal of 
the tube. The second group began an ordinary solid intake 
soon after nasogastric tube removal. The criterion to 
remove the tube was based on normal bowel sounds heard 
by at least two senior surgeons. There was no significant 
difference between both groups concerning the occurrence 
of gastrointestinal disturbances following tube removal. 
Most of the disorders were observed after lower intestinal 
tract operations. Nine patients in the first group and seven 
patients in the second group required reinsertion of a naso- 
gastric tube. We suggest that early solid intake immediately 
after nasogastric tube removal can safely be used in 
gastrointestinal operations. 
(Arch Surg. 1992;127:287-289) 


R ecently, prophylactic postoperative nasogastric de- 
compression was suggested to be unnecessary in 
patients following elective gastrointestinal or other ab- 
dominal operations.” In the majority of patients treated 
with routine postoperative nasogastric tube decompres- 


sion, a gradual oral feeding was started with a liquid diet — 


following removal of the tube,°* and 48 to 72 hours later 
an ordinary solid intaxe was established. 

We have observed that when some patients did not 
obey this mode of traditional feeding and began solid food 
intake soon after tube removal, it did not disturb the be- 
nign postoperative sequelae. In an attempt to challenge 
the common feeding standard, a randomized prospective 
study was performed, evaluating the ordinary solid 
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intake begun immediately after removal of the nasogastric 
tube in gastrointestinal surgery. 


PATIENTS AND METHODS 


Between January 1988 and December 1989, 186 consecutive 
patients who underwent interventional surgery in the gas- 
trointestinal tract were prospectively randomized into one of two 
groups. Patients in group 1 received traditional treatment, con- 
sisting of liquid oral intake 4 hours following removal of the na- 
sogastric tube, and gradually continuing with soft and solid in- 
take. Patients in group 2 began ordinary solid intake 
immediately after nasogastric tube removal, according to the 
patient’s will and capability. 

The nasogastric tube was removed when normal bowel 
sounds were heard by at least two senior surgeons involved in 
the study. Randomization was accomplished by choosing a 
sealed envelope containing the feeding protocol. Fifteen patients 
were excluded from the trial because the above criteria were not 
met. The study included 88 patients in group 1 and 83 patients 
in group 2. The male-female ratio was almost equal in both 
groups. Ages ranged from 18 to 85 years in group 1 (mean age, 
60.4 years) and from 24 to 90 years in group 2 (mean age, 63.4 
years). 

The surgical procedures were grouped into six main catego- 
ries, all of which included an intervention to the integrity of the 
gastrointestinal tract (Table 1). Statistical analyses were per- 
formed with x? analysis. Differences in results of the two groups 
were considered significant at P<.05. The Mann-Whitney non- 
parametric test was used for analysis of hospital stay. 


RESULTS 


Most of the nasogastric tubes were removed on the 
second or third postoperative day, with no significant 
differences between the groups. Following removal of the 
tubes, certain gastrointestinal disturbances appeared in 
both groups, but their rate of occurrence did not demon- 
strate a significant difference (Table 2). 

The distribution of patients with such gastrointestinal 
disorders in relation to the type of operation is described 
in Table 1. In both groups, most of the disorders were re- 
lated to the lower intestinal operations. The postoperative 
day of tube removal was similar for patients undergoing 
either lower or upper gastrointestinal operations. 

Plotting the gastrointestinal tract disturbances against 
the operative procedures demonstrated that vomiting and 
abdominal distention mainly occurred after lower intesti- 
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Table 1. 


No. of 


Operative Procedure Patients 











Gastroduodenal 


Vagotomy and pyloroplasty 9 
Billroth I] anastomosis 9 
Gastroenterostomy 2 
Cystogastrostomy 0 
Suture of perforation 4 
Small-bowel anastomosis 7 
Enterobiliary anastomosis 11 
Small-large bowel anastomosis 
lleorectal anastomosis 1 
lleocolon anastomosis 12 
Colorectal surgery 
Colocolostomy 14 
Colorectal anastomosis 8 
Resection and colostomy 10 
Whipple’s operation 1 
Total 88 


Table 2.—Distribution of Gastrointestinal Complications 
Following Removal of the Nasogastric Tube 











No. of Complications* 
mag 
Group 1t Group 2+ 









Complication 






Vomiting 
Abdominal distention 3 4 








Intestinal obstruction 1 (1) 2 (2) 
Acute gastric dilatation 4 (4) 1 (1) 
Anastomotic leakage (radiologic) 2 0 
Upper gastrointestinal bleeding 0 1 (1) 
Transient anastomotic stenosis 1 0 









Total 19 (9) 15 (7) 


“Numbers in parentheses indicate the number of patients who 
had reinsertion of the nasogastric tube. 

tFifteen (17%) of 88 patients had complications. 

+Thirteen (16%) of 83 patients had complications. 






nal surgery. Acute gastric dilatation occurred following 
colorectal surgery (three cases), small-bowel to large- 
bowel anastomosis (one case), and enterobiliary anasto- 
mosis (one case). Upper gastrointestinal bleeding oc- 
curred following Whipple operation (one case), and 
anastomotic leakage occurred following Billroth II (one 
case) and small-bowel anastomosis (one case). 

The rate of gastrointestinal disturbances in relation to 
the postoperative day of tube removal was similar in both 
groups. Nine patients in group 1 and seven patients in 
group 2 required reinsertion of a nasogastric tube, with a 
predominance of lower intestinal operations in both 
groups. The main reasons for reinsertion included acute 
gastric dilatation and vomiting in patients in group 1 and 
vomiting in patients in group 2 (Tables 1 and 2). 
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— Operative Procedures and Related Gastrointestinal Complications 


Group 1 
7 
No. of Patients 
With Gastrointestinal 
Complications* 











Group 2 
OS $Y, 
No. of Patients 
With Gastrointestinal 
Complications* 







No. of 
Patients 

































0 12 0 

2 (1) 9 2 (1) 

0 1 0 

0 1 0 

0 2 0 

1 8 1 

1 (1) 10 0 

0 2 1 

2 (2) 7 1 

5 (3) 14 5 (4) 

3 (2) 4 1 

1 11 1 (1) 

0 2 1 (1) 
15 (9) 83 13 (7) 





“Numbers in parentheses indicate the number of patients who had reinserton of the nasogastric tube. 


Regarding the day of tube removal, there was no 
difference between those patients who needed reinser- 
tion of the tube and those who did not. In six patients in 
group 1 and five patients in group 2, the tube was 
removed even though the amount of nasogastric aspirate 
was above 500 mL on the day of removal. In six patients 
in group 1 and seven patients in group 2, the volume of 
nasogastric aspirate was above 1000 mL the day before 
tube removal. In neither group did we observe an 
increased rate of gastrointestinal disturbances. 

Two patients in group 1 died during hospitalization 
(following Whipple operation and Billroth II for gastric 
carcinoma). The mean+SD number of hospitalization 
days fcllowing removal of the tube was 10.26+5.66 days 
in group 1 and 9.2+4.71 days in group 2 (no significant 
difference). 


COMMENT 


Following gastrointestinal operation, the decision to 
remove the nasogastric tube depends on the patient's re- 
gaining normal gastrointestinal function.*'? The two 
groups of patients were closely matched, including sev- 
eral conditions that might influence tissue healing, such 
as anemia, hypoproteinemia, malignancy, liver cirrhosis, 
diabetes mellitus, chemotherapy, radiotherapy, and cor- 
ticosteroid treatment. 116 

The criterion to remove the tube was based only on 
normal bowel sounds heard by at least two senior 
surgeons as an indicator of postoperative gastrointestinal 
recovery. Since the rate of gastrointestinal complications 
did not rise even when the nasogastric aspirate was sig- 
nificant (more than 1000 mL), as long as there was no 
clinical evidence of bowel obstruction, it seems to us a re- 
liable clinical sign for satisfactory function that allows tube 
removel. 
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Following removal of the tube, no significant difference 
was observed between the two modes of feeding regard- 
ing the number of gastrointestinal complications, their 
distribution according to the operative procedure, the rate 
of reinsertion of the nasogastric tube, and hospital stay. 

Resuming ordinary solid diet immediately following 
tube removal was not associated with an increased num- 
ber of complications or tube reinsertion following upper 
gastrointestinal tract operations compared with lower 
gastrointestinal tract operations. 

A few patients who were not included in this study but 
were previously selected for a solid diet preferred to avoid 
it and start a liquid diet because of nausea. It seems that 
when the patient is not in the proper physiologic condi- 
tion to start an ordinary diet, he or she will act accord- 
ingly; therefore, we believe that this feeding protocol is 
harmless. 

We believe that early feeding following removal of the 
nasogastric tube after gastrointestinal operations will 
achieve an earlier adequate oral diet, without increased 
complications, even after upper gastrointestinal opera- 
tions. However, further prospective evaluation of this 
observation is warranted. 
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Invited Commentary 


The rituals and myths surrounding the use of nasogastric 
tubes are widespread and persistent. It is important, there- 
fore, that studies such as this be performed to address the is- 
sues involved in a controlled manner. The authors’ experi- 
mental design is elegant if not sophisticated, the criteria are 
met, randomization is appropriate, and adherence to proto- 

col appears strict. The authors have thereby proved not only 
their conclusions, but also that good science can be conducted 
in a Clinical setting. 

One must wonder whether the question asked is moot. 
There has been evidence since the late 1970s (Dis Colon Rec- 
tum. 1978;21:98-100) and now good prospective studies of 
upper gastrointestinal procedures (Surg Gynecol Obstet. 
1984;158:557) and lower gastrointestinal surgery (Ann Surg. 
1989;209:570-575) that postoperative nasogastric decompres- 
sion may not be necessary at all. Given this, it came as no 
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surprise that there were no differences whether tubes were 
removed on the second vs the third postoperative day, or 
whether patients were fed solid vs liquid diets following tube 
removal. 

Nonetheless, these are important data, as was the obser- 
vation that measured volume residuals neither dissuaded the 
authors from their protocol nor adversely affected patient 
outcome. They are important data because indwelling tubes 
are uncomfortable, distracting, and have morbidities of their 
own. They should be used sparingly and judiciously. This 
report is another important nail in the coffin of the routine or 
ritualized use of nasogastric tubes. 

BYRCN MCGREGOR, MD 
Renc, Nev 
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Lymphadenectomy in Gastric Carcinoma 


A Prospective and Prognostic Study 


Joachim Jaehne, MD; Hans-Joachim Meyer, MD; Hansjörg Maschek, MD; Heinz Geerlings, Dip! Math; 
Elke Bruns, MD; Rudolf Pichlmayr, MD 


@ In 193 gastric resections for adenocarcinoma, lym- 
phadenectomy was prospectively evaluated to quantify the 
number of lymph nodes and to identify prognostic factors. 
Overall, 7112 nodes (median, 36.8 per patient) were 
resected with 27.2% showing metastases. Most nodes were 
found in the perigastric region. The histologic type and site 
of the tumor did not influence the number of invaded nodes, 
but tumor stage and quality of the resection (curative/ 
palliative) did. By multivariate analysis the tumor stage, 
curative vs palliative resections, and the number of meta- 
static lymph nodes in curative resections were independent 
prognostic factors. Patients with less than six metastatic 
nodes showed a survival not significantly different from that 
of patients with normal nodes. These patients may be well 
treated by surgery alone, but the other patients may require 
multimodal therapy to improve their prognosis. 
(Arch Surg. 1992;127:290-294) 


D espite new developments in the treatment of gastric car- 

cinoma, such as neoadjuvant chemotherapy, ' surgical 
resection is still the therapy of choice. It usually includes not 
only resection of the primary tumor but also lymphadenec- 
tomy??? whose extent is a matter of discussion. Although the 
metastatic spread of gastric carcinoma along the lymphatic 
structures around the stomach has been known for almost 
one century“ and several retrospective Japanese studies have 
showed the importance of lymph node dissection,** a radical 
lymphadenectomy, according to a European questionnaire,’ 
is performed in only 50% of all patients. This may, in part, 
explain the disappointing 5- and 10-year survival rates even 
after potentially curative resections in the Western hemi- 
sphere compared with the Japanese results.™®™!? When fo- 
cusing on the problem of lymphadenectomy one has to con- 
sider, however, that the extent of lymphadenectomy is dif- 
ficult to quantify by the surgeon alone. Due to that fact, the 
intraoperative assessment of the TNM stage is unprecise 
with up to 40% overstaged as well as understaged cases. !® 
Therefore, an accurate histopathologic examination of the re- 
sected specimen, including the dissected lymph nodes, 


Accepted for publication May 25, 1991. 

From the Department of Surgery, Clinic for Abdominal and 
Transplantation Surgery (Drs Jaehne, Meyer, Bruns, and Pichl- 
mayr), Institute of Pathology (Dr Maschek), and Institute of 
Biometrics (Dr Geerlings), Medical School Hannover (Federal Re- 
public of Germany). Dr Jaehne is now with the Clinic for Abdom- 
inal and Transplantation Surgery, Medizinische Hochschule Han- 
nover, Hannover, Federal Republic of Germany. 

Reprint requests to Klinik fur Abdominal- und Transplantation- 
schirurgie, Zentrum Chirurgie, Medizinische Hochschule Han- 
nover, Konstanty-Gutschow-Str 8, 3000 Hannover 61, Federal Re- 
public of Germany (Dr Jaehne). 


290 Arch Surg—Vol 127, March 1992 


seems to be absolutely necessary for quantifying the extent 
of lymphadenectomy and for an exact staging. 

We therefore performed a prospective clinicopathologic 
study with multivariate analysis to quantify lymphadenec- 
tomy in terms of different clinical, surgical, and pathologic 
features. The objectives were to evaluate the significance 
of lymphadenectomy in the surgical treatment of gastric 
carcinoma and to identify prognostic factors. 


PATIENTS AND METHODS 


Between April 15, 1986, and December 31, 1989, 257 patients 
with histologically proved primary gastric carcinoma underwent 
surgical treatment. While 64 patients had only an explorative 
laparotomy or a palliative bypass procedure, 193 patients un- 
derwent gastric resection (resectability rate, 75%). The mean 
(+SD) age of these patients was 61.0+11.9 years; 123 were male 
and 70 were female. They were prospectively examined with re- 
spect to lymph node dissection. 

Gastric resection was stated in this study as potentially cura- 
tive if macroscopically and microscopically no tumor was left 
following surgery. With this definition, 158 patients underwent 
potentially curative resections and 35 underwent palliative 
resections. Among the palliative procedures, seven patients 
showed microscopic residual tumor at the resection margins, 
while 28 had macroscopic tumor left behind after the resection. 


Surgery 

Depending on the histologic features of the tumor, its ana- 
tomic site, the intraoperative TNM stage, and the estimated pe- 
rioperative risk of the individual patient, either total gastrectomy 
(n= 166) or subtotal, distal resection (n=23) was performed. In 
both instances an en bloc resection was the standard technique. 
Because of intraoperative reasons, four patients had a proximal 
resection; these cases were only partially evaluated. Total 
gastrectomy always included omentectomy and splenectomy, 
while in all curative resections, a systematic lymphadenectomy 
was performed. According to the Japanese staging system, the 
scope of lymphadenectomy is represented by the R classifica- 
tion. In this study, an R2, which is a lymphadenectomy 
involving the lymph node stations 1 through 11 plus stations 12 
and 13, and occasionally also an R3, which is dissection of lymph 
node stations 1 through 16, were performed (Table 1). 

While the patient was still in the operating room, the stomach 
was opened along the greater curvature, irrespective of the lo- 
cation of the tumor. The specimen was fixed with pins to a cork 
plate and documented (greatest diameter of the tumor, its dis- 
tance to the resection margins, macroscopic evaluation of 
enlarged lymph nodes, TNM stage). Then the specimen was 
transferred to the pathologist. 


Pathohistologic Examination 


The resected specimens, still attached to the plate to minimize 
shrinkage, were fixed in buffered 37% formaldehyde solution for 
72 hours. The pathologic examination was always done by the 


Lymphadenectomy—Jaehne et al 


Table 1.—Lvmph Node Stations in Gastric 
Carcinoma* 


Cardia 

R 

L Perigastric lymph nodes 
Curvature 


Lesser 
Greater 
Suprapyloric 
Infrapyloric 


<3 cm from primary=N1 
>3 cm from primary = N2 


L gastric artery 
Common hepatic 
artery 
Celiac artery 
Splenic hilus 
Splenic artery 
Hepatoduodenal 
ligament 
Pancreas head 
Superior mesenteric 
artery 
Middle colic artery 
Para-aortic 


Distant lymph nodes 





*See references 15, 38, and 30. 


same pathologist (H.M .). During macroscopic evaluation, all re- 
sected lymph nodes were prepared conventionally without ap- 
plying clearing technaques.” The duration of this procedure 
usually required 1.5 hours. The histologic classification of the 
primary tumor followed the criteria of Lauren.” Furthermore, all 
lymph nodes were categorized according to the lymph node sta- 
tions in which they were found, and several paraffin-embedded 
sections of each lymph node were routinely stained with 
periodic acid-Schiff to visualize even the smallest mucinous 
products. This technique turned out to be helpful in distinguish- 
ing between histiocytes and tumor cells. All resected and met- 
astatic lymph nodes were counted. The pathohistologic TNM 
staging was determined according to the American Joint Com- 
mittee for the Staging of Cancer *™ In this classification scheme 
the gastric lymph nodes are grouped according to whether they 
are close to the tumor(distance <3 cm) or distant to the tumor 
(distance >3 cm). The former is cesignated N1; the latter is des- 
ignated N2 and includes the lymph nodes along the common 
hepatic, splenic, left gastric, and celiac arteries. 


Statistical Analysis 


All clinical, surgical, and pathologic data of the patients were 
stored in a personal computer (Compaq) using the database 
software system (dBASE IMI plus, version 1.0 IBM/MSDOS; Ash- 
ton Tate). Statistical analysis was performed by the SAS program 
(SAS Inst Inc, Cary, NC). 

The extent of lymphadenectomy was studied in terms of the 
number of resected and metastatic lymph nodes. These results 
were correlated with the histologic type of the carcinoma, its tu- 
mor stage, site, the operative procedure (total vs subtotal 
gastrectomy), and the quality of the resection (curative vs pallia- 
tive). Furthermore, the lymph nodes were grouped according to 
the different lymph node stations (Table 1) to determine the 
preferred pathway of nedal metastasis. 

The follow-up is short, but survival analysis seemed to be jus- 
tified because it is well documented that most of the patients die 
within 24 months after surgery.” For survival analysis, postop- 
erative mortality, which is defined as death within the same 
hospitalization, and death not due to carcinoma (total n =6) were 
excluded. The survival rates were calculated by the life table 
method.” Additionally, univariate analysis using the log-rank 
statistic? was performed on 12 clinicopathologic and surgical 
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Table 2.—Resected and Invaded Lymph Nodes 
(n= 193 Resections) 


Median No. 


———————————— 


LN Metastatic % Total No. With 
Resected LN Metastatic Metastases (%) 


Perigastric 33.2 93 28.0 6403/1795 (28.0) 
Distance from 













Total No. 
Resected/ 






LN Station* 




















tumor, cm 
<3 24.2 7.8 32.2 4668/1510 (32.2) 
>3 9.0 15 16.7 1735/285 (16.4) 
Distant station 
7-11 s A d 0.5 18.5 527/87 (16.5) 


12-16 0.9 0.3 33.3 





182/53 (29.1) 





*Refers to Table 1; LN indicates lymph node. 


treatment variables to look for their relevance in terms of survival 
after resection. The results of this analysis were then applied to 
a multivariate study using the Cox’! model to determine impor- 
tant prognostic factors. 


RESULTS 


Among the 193 gastric carcinomas, 89 (46.1%) were lo- 
cated in the upper third of the stomach, while only 47 
(24.4%) were found in the distal portion. The predomi- 
nance of high-seated carcinomas accounted for the high 
percentage of total gastrectomies (n= 166; 86.0%) and 
proximal resections (n = 4) and the low percentage (n= 23; 
11.9%) of subtotal distal resections. Most carcinomas were 
of the intestinal type (n = 108), while 67 were of the diffuse 
type and another 17 were of the mixed type. Only one 
carcinoma was unclassified according to the Lauren” 
classification. 

Fifty-two patients (37.1%) had postoperative complica- 
tions, predominantly pulmonary problems (n=21), but 
only two had a leakage of the proximal anastomosis. None 
of the patients had lymph fistulas or other complications 
such as pancreatic fistula or abscess formation. Overall 
postoperative mortality was 2.5% (n= 4). 


Lymph Node Metastases in Lymph Node Stations 


In the 193 patients, a total of 7112 lymph nodes were 
resected of which 1935 (27.2%) showed metastases. 
Ninety percent of the resected and 92.8% of the invaded 
lymph nodes were found in the perigastric lymph node 
stations (Table 2). Of these, 72.9% (n=4668) of the re- 
sected lymph nodes and 84.1% (n= 1510) of the invaded 
lymph nodes were found at a distance of less than 3 cm 
from the primary tumor (N1), while 27.1% (n = 1735) of the 
resected and 15.9% (n= 285) of the invaded nodes were at 
a distance of more than 3 cm (N2). In the distant lymph 
node stations, the percentage of resected lymph nodes 
was 7.4% for stations 7 through 11 and 2.6% for stations 
12 through 16, while 16.5% and 29.1%, respectively, were 
metastatic. As demonstrated by Table 2, the median num- 
ber of resected and metastatic lymph nodes markedly de- 
creased from the perigastric to the distant lymph node sta- 
tions and even within the perigastric region there were sig- 
nificant differences between the different node groups. It 
was the third station (lesser curvature) where most of the 
lymph nodes were resected (n=2387) and invaded 
(n = 889). Owing to the large numbers of carcinomas of the 
upper third of the stomach, the lymph node stations 
around the esophagogastric junction were affected in 
about 35%. In the distant lymph node regions, the number 
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mm Resected LN æ Invaded LN 


39.5 





Median No. Resected per Invaded LN 


I(n=43) Illa(n=31) Illb(n=35) IV(n=34) 


Tumor Stage 


Fig 1.—Frequency of resected and metastatic lymph nodes (LN) ac- 
cording to tumor stage (American Joint Committee on Cancer"): 
n= 193 resections. 


of resected and metastatic lymph nodes did not show a 
clear predominance of any station. 


Lymph Node Metastases and Tumor Stage 


The number of resected lymph nodes did not increase 
with the stage of disease, but for the metastatic lymph 
nodes a strong correlation with the tumor stage could be 
found (Fig 1). 


Lymph Node Metastases and Operative Procedure 


Total gastrectomy showed the highest amount of re- 
sected and invaded lymph nodes (median, 38.7 and 11.0, 
respectively). Subtotal distal resection may not always al- 
low as extensive a lymphadenectomy as in total gastrec- 
tomy, still a mean of 24.8+12.4 lymph nodes were 
resected. By analyzing the results of lymphadenectomy in 
terms of the different operative procedures, it has to be 
considered that subtotal distal resections were predomi- 
nantly performed in intestinal carcinomas at early tumor 
stages in the distal portion of the stomach and in patients 
with increased perioperative risk. Owing to the hetero- 
geneity of the two operative procedures and the small 
amount of subtotal distal resections, no statistical evalu- 
ation was performed concerning this difference between 
the two types of resection. 


Lymph Node Metastases and Histologic Features: 
Site and Extent of Tumor 


In respect of the histologic type and the site of the tumor, 
there were almost no differences regarding the number of 
resected and invaded lymph nodes, particularly between 
the intestinal and diffuse type of gastric carcinoma. Car- 
cinomas in the distal portion of the stomach showed 
lymph node metastases in the right and left cardiac groups 
near the esophagogastric junction in 11.6% of the patients. 
Tumors involving more than one third of the stomach 
tended to show more metastatic lymph nodes than those 
involving just one third; this more extensive involvement, 
however, was correlated with the tumor stage. 


Lymph Node Metastases and Curative vs Palliative 
Resections 


The number of resected lymph nodes in curative resec- 
tions did not differ significantly from that of palliative 
procedures. The percentage of invaded lymph nodes, 
however, increased from 22.5% in curative resections to 
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P<.0001 





4 
Years 


Fig 2.—Survival distribution (life-table method) according to tumor 
stage (American Joint Committee on Cancer"®). 


46.8% and 50% in resections with microscopic and mac- 
roscopic residual disease, respectively. 


Accuracy of Intraoperative Staging 


Comparison of the intraoperative TNM stage with the 
pathohistologic tumor stage revealed that the surgeon 
tended to overstage the tumor. Histologic examination 
showed more early tumor stages (Ia to II: n= 93) and fewer 
advanced stages (III to IV: n= 100) than intraoperatively 
estimated (n=70 and n=123, respectively); overall the 
percentage of understaged as well as overstaged cases 
was 11.9% for both groups. 


Survival 


Follow-up information was obtained in 100% of the pa- 
tients. The overall 1-, 2-, and 3-year survival rates were 
75%, 56%, and 53%, respectively. The survival rates 
strongly depended on the TNM stage and whether the 
resection was curative or palliative (Fig 2 and Table 3). An 
important observation was that survival showed a strong 
correlation to the depth of tumor infiltration into the gas- 
tric wall (3-year survival: T1=80%; T2=58%; T3 and 
T4=15%; P<.0001). Patients with positive lymph nodes 
(Fig 3) and distant metastases (M1) at the time of resection 
had a poorer survival than patients without such me- 
tastases (40% vs 7%; P<.0001). 

By univariate analysis sex, age, the histologic classifi- 
cation according to Lauren,” and the kind of operative 
procedure (total vs subtotal gastrectomy) did not show a 
significant difference in survival. Distally located carcino- 
mas had a better survival than proximal tumors or carci- 
nomas involving more than one third of the stomach. It 
is noteworthy, however, that most of the carcinomas in 
the distal portion of the stomach had earlier tumor stages. 
Univariate analysis also demonstrated the tumor stage to 
be the most significant factor (P<.0001). There were also 
significant survival differences among the different T, N, 
and M stages when analyzing them separately (Table 3). 
Univariate analysis of the number of infiltrated lymph 
nodes in curative resections showed that patients with 1 
to 5 positive nodes had a survival distribution not signif- 
icantly different from that of patients without lymph node 
metastases (Fig 4). There was, however, a significant sur- 
vival difference in patients with six or more positive nodes 
when compared with patients who had a maximum of five 
metastatic nodes (P<0.001). The site of the lymph node 
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Table 3.— Results of Univariate and Multivariate 
Analysis* 























Univariate 


r_i 


Favorable Unfavorable 





Prognostic Factor 
Sex ete oe NS 


Age OE pa NS 
Anatomic site Distal Proximal/>% <.005 


Histologic type 
(Lauren”) ee. er NS 
TG vs SDR ye Fey NS 


Postoperative 


complications 2s mre NS 
Tumor stage (AJCC) la-ll Zilla <.0001 
Stage 

T T1 or T2 T3 or T4 <.0001 

N NO N1 or N2 <.005 

M MO M1 <.0001 
No. of invaded LN 0,1-5 >5 








Curative Palliative 
Multivariate 


Curative vs palliative 
Independent 












Prognostic Factor m 
Tumor stage ia-ll >|lla <.001 
T stage T1 or T2 T3 or T4 <.001 
No. of invaded LN 0,1-5 >5 <.05 
Curative vs palliative Curative Palliative 





*TG indicates total gastrectomy; SDR, subtotal distal resection; 
LN, lymph nodes; NS, net significant; and AJCC, American Joint 
Committee on Cancer. 


NO-->N1 P<.005 
N1-->N2 P>.005 
NO-->N2 P<.0001 





0 1 2 3 4 
Years 


Fig 3.— Survival distributian (life table method) according to nodal 
status. 


metastases (perigastric vs distant lymph node groups) 
did not influence this result. 

In the multivariate analysis using the Cox model, all 
factors tested by the univariate analysis were used (Table 
3). For the analysis ef zhe relevance of the nodal status in 
curative resections, the number of invaded lymph nodes 
was divided into four subgroups: group A consisted of 
patients with no positive nodes; group B consisted of pa- 
tients with one to five positive nodes; group C consisted 
of patients with six te 10 positive nodes; and group D 
consisted of patients with mere than 11 positive lymph 
nodes. Multivariate analysis showed no significant sur- 
vival differences between groups A and B and between C 
and D, but a significanz difference between groups A plus 
Band C and groups A blus B and C plus D (Fig 4). Besides 
the relevance of the number ef metastatic lymph nodes, 
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A=No Infiltrated LN (n=55) 
1-5 Infiltrated LN (n=43) 
6-10 Infiltrated LN (n=32) 


G 


B 
D=>10 Infiltrated LN (n=63) 


A- -»B=Not Significant 
C--»D=Not Significant 


A, B- ->C=Significant (P<.05) 
A, B-->C, D=Significant (P<.05) 


Years 


Fig 4.—Survival distribution (life table method) according to the 
number of invaded lymph nodes (LN). 


multivariate analysis also identified tumor stage, depth of 
tumor infiltration, and whether the resection was curative 
as independent factors predictive of a poorer prognosis. 
The site of the tumor and the occurrence of postoperative 
complications turned out to be of no significant influence. 


COMMENT 


Gastric carcinoma, although declining in incidence, still 
represents one of the leading causes of death from malig- 
nant disease.~ In contrast to the current experience in Ja- 
pan, most of the carcinomas are diagnosed at advanced 
tumor stages in Western parts of the world, so that the 
survival rates are generally poor.*”"’” Until now, surgi- 
cal therapy represented the only hope for cure of the pa- 
tient.™?5 The extent of the surgical resection, however, 
has been a matter of discussion for many years,” 
particularly concerning lymphadenectomy. There is, 
however, increasing evidence of the prognostic benefit of 
lymphadenectomy.””* Lymphadenectomy itself can be 
performed safely without increasing mortality® and 
should at least include the perigastric and the more dis- 
tant lymph nodes in stations 7 through 11 (so-called R2 
resection”, see Table 1). Although some authors favor the 
injection of India ink into the lymph nodes to identify po- 
tential routes of lymphatic spread,” we believe that the 
nodes can de well dissected in a conventional manner. In 
total gastrectomy, at least an average of 35 lymph nodes 
should be resected, but an accurate pathologic documen- 
tation for a precise staging is absolutely necessary. Com- 
pared with earlier studies,” the comparison of the intra- 
operative and pathohistologic TNM staging is superior in 
our series, although the staging error is 11.9%. 

Like others,” we found most of the metastatic lymph 
nodes in tke perigastric lymph node stations, but consid- 
erably less in the distant lymph node stations; this was ir- 
respective of the histologic type and the site of the carci- 
noma. Although the incidence of metastatic nodes in dis- 
tant nodes is generally less than in the perigastric 
stations,>*! it seems likely that this phenomenon may be 
explained in part by the en bloc resection on the one hand 
and the TNM staging on the other hand. By the en bloc 
resection, it may be impossible for the pathologist to dif- 
ferentiate between the different lymph node stations. 
Therefore, lymph nodes at the left gastric or common he- 
patic artery may well be classified as N1 nodes, simply ow- 
ing to the shrinkage of the specimen during fixation. In our 


Lymphadenectomy—jaehne et al 293 





own study, we tried to avoid the shrinkage by fixing the 
specimen with pins to a cork plate, but a separate dissec- 
tion of the lymph node stations 7 through 11 is recom- 
mended. Although we founda strong correlation between 
the number of metastatic lymph nodes and the depth of 
tumor infiltration, we were unable, however, to find sig- 
nificant differences between the amount of resected and 
metastatic lymph nodes and the histologic type. 
Univariate survival analysis did not show a significant 
difference between the different histologic types and the 
type of resective procedure (total vs subtotal gastrec- 
tomy). These data are in contrast to previous studies, 
but all of these were performed retrospectively, which 
may be an explanation for this discrepancy. A prospective 
controlled study, however, supports our findings that the 
kind of operative procedure —total gastrectomy vs subto- 
tal distal resection—indeed does not influence the prog- 
nosis of the patient. Distal carcinomas in our series had 
a better prognosis than proximal or advanced tumors, but 
it has to be considered that most of the carcinomas in the 
distal portion of the stomach had earlier tumor stages and, 
therefore, a better prognosis. Tumor stage, the quality of 
the resection (curative vs palliative), and the number of 
metastatic lymph nodes turned out to be the most signif- 
icant prognostic factors. Furthermore, univariate as well 
as multivariate analysis showed that the number of met- 
astatic lymph nodes apparently plays an important role in 
curative resections. While other studies claimed patients 
with more than three nodes to have a worse prognosis,” 
we found patients with more than five positive nodes to 
have a significantly decreased survival. Patients, how- 
ever, with less positive lymph nodes (1, 2, 3 nodes, etc) 
had a survival experience that was not significantly 
different from that of patients without metastatic lymph 
nodes. This result may indicate that patients with a max- 
imum of five metastatic lymph nodes can be resected for 
potential cure and that, by surgery alone, their prognosis 
does not differ significantly from that of patients without 
metastatic lymph nodes. However, patients with more 
than five infiltrated lymph nodes can rarely be cured by 
surgery alone. In these patients multimodal therapy, 
consisting of surgery and chemotherapy, may be indi- 
cated. The results of our study have led to a prospective 
randomized trial in clinically advanced tumor stages (T3 
or T4 and/or positive nodes) to compare treatment by 
surgery alone with treatment by neoadjuvant chemother- 


apy plus surgery. 


CONCLUSION 


Our study indicates that systematic lymph node dis- 
section is a safe surgical procedure that allows a precise 
TNM staging, offers the possibility of improving the sur- 
vival in certain patients (particularly in those with less 
than six metastatic lymph nodes), and helps define the 
risk groups for early tumor recurrences. It should form the 
basis for further studies to improve the prognosis of gas- 
tric carcinoma. 
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Original Article 


The Roux Stasis Syndrome 


Treatment by Pacing and Prevention by Use of an ‘Uncut’ Roux Limb 


Brent W. Miedema, MD, Keith A. Kelly, MD 


@ Ectopic pacemakers in the Roux limb are associated with 
delayed gastric emptying after Roux gastrectomy. The aim 
herein was to suppress the ectopic pacemakers by electri- 
cal pacing or to prev2nt them by maintaining enteric myo- 
neural continuity wath an “uncut” Roux limb, and so 
improve the delayed emptying. Among eight dogs with 
truncal vagotomy ard Roux hemigastrectomy, four dogs 
had a pacing electrode applied to the proximal end of the 
Roux limb. The other four dogs had a gastrojejunostomy to 
an uncut Roux limb. in them, the afferent jejunal limb was 
occluded by staples but not divided, and a diverting jejuno- 
jejunostomy was performed. Roux pacing and the uncut 
Roux operation abolshed ectopic pacemakers in the Roux 
limb and speeded the slow gastric emptying present in un- 
paced control tests. At autopsy, however, dehiscences were 
found in the staple fine in the dogs with the uncut Roux 
procedures. In conclusion, electrical pacing and the uncut 
Roux limb show promise as techniques to prevent ectopic 
jejunal pacemakers and gastric stasis after Roux gastrec- 
tomy. Both must be improved before they can be used in 
patients. 
(Arch Surg. 1992;7 27:295-300) 


oux-en-Y gastrojejunostomy is a common procedure 
done in revisicnal gastric surgery.’ Most patients 
with alkaline reflux gastritis,’ dumping,* and chronic gas- 
tric atony* benefit from the operation. About 30% of the 
patients who undergo the Roux operation, however, have 
development of a syndrome of upper gut stasis charac- 
terized by nausea, vemiting, epigastric pain, and fullness 
with eating. The syndrome has been termed the Roux 
stasis syndrome.‘ 

The etiology of the Roux stasis syndrome has been bet- 
ter defined recently Postvagotomy atony of the gastric 
remnant likely has a role. Decreased gastric tone is prob- 
ably present to some extent in all patients after vagotomy 
and partial gastrectomy.’ Resection of the dilated, atonic, 
gastric remnant by near-total gastrectomy often leads to 
improvement in patients with the syndrome.* Not all pa- 
tients, however, have their stasis completely relieved by 
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near-total gastrectomy. Thus, the Roux limb itself must 
also contribute to the syndrome. 

Several electrical and motor abnormalities have been 
described in the Roux limb.°*”® Separation of the Roux 
limb from the small intestinal pacemaker located in the 
duodenum! allows ectopic pacemakers to arise in the 
Roux limb. These pacemakers drive the contractions of 
the proximal part of the limb in a reverse or oral direction 
toward the stomach. This creates stasis in the Roux limb 
and slows gastric emptying. 

Our hypothesis is that elimination of the ectopic pace- 
makers in the Roux limb by electrical pacing or by 
constructing an “uncut” Roux limb would enhance the 
slow gastric emptying found after conventional Roux 
gastrectomy. Electric pacing is known to suppress ectopic 
pacemakers in the Roux limb.” The uncut Roux procedure 
diverts duodenal content away from the stomach, and yet 
maintains myoelectric continuity between the duodenal 
pacemaker and the Roux limb. The appearance of ectopic 
pacemakers in the Roux limb, therefore, ought to be pre- 
vented. We tested the hypothesis in dogs with conven- 
tional Roux gastrectomy and in dogs with the gastric 
remnant anastomosed to an uncut Roux limb. 


MATERIALS AND METHODS 
Animal Preparation 


Eight female mongrel dogs, weighing between 15 and 25 kg, 
underwent truncal vagotomy and distal hemigastrectomy. Four 
dogs were reconstructed using the conventional Roux gastroje- 
junostomy with a 40-cm Roux limb. The enteroenterostomy was 
created 20 cm distal to the ligament of Treitz. A bipolar platinum 
pacing electrode was placed near the proximal end of the Roux 
limb, and four monopolar silver recording electrodes were 
placed at 2-cm intervals on the serosal surface of the Roux limb, 
beginning 4 cm distal to the gastroenterostomy. Two additional 
electrodes were placed 2 cm apart on the proximal jejunum (Fig 
1). The electrodes were connected by insulated copper wires to 
a multipinned socket contained in a stainless steel cannula that 
traversed the abdominal wall. 

The other four dogs were reconstructed using the uncut Roux 
limb procedure. The gastroenterostomy was constructed 30 cm 
from the ligament of Treitz. An enteroenterostomy 20 cm distal 
to the ligament of Treitz and 40 cm distal to the gastroen- 
terostomy was constructed. One application of a 60-mm linear 
stapler was applied to the afferent limb distal to the enteroen- 
terostomy (Fig 1). Recording electrodes were placed in the same 
anatomic jejunal location as in the dogs with the conventional 
Roux procedure, and in addition, two electrodes were placed on 
the 6-cm portion of the afferent limb distal to the staple line that 
had been resected in the dogs with the conventional Roux pro- 
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cedure. A radioisotope (0.185 MBq of barium 133) sealed in a sil- 
icone tube 2 cm in length and then double sealed with polyvinyl 
chloride was sutured to the jejunum at the gastroenterostomy in 
all dogs. 

After the resolution of the postoperative ileus, the dogs were 
maintained on a blenderized diet of two cans of dog food (Alpo, 
Alpo Pet Foods Inc, Allentown, Pa) per day. Studies began a 
minimum of 10 days following operation. All procedures and 
animal care were performed according to criteria set forth by the 
Institutional Animal Care and Use Committee of the Mayo 
Foundation, Rochester, Minn, which approved the protocol on 
October 3, 1988. 


Myoelectric Recordings and Pacing 


Electrical activity of the small bowel was recorded from the 
alert conscious dogs on a pen recorder (Gould Brush model 481, 
Gould Inc, Wilmington, Mass) with AC amplifiers and a time 
constant of 1 second. The abdominal cannula was used as the 
ground. Fasting myoelectric activity was recorded for 3 hours on 
two separate occasions to determine the baseline pattern of je- 
junal pacesetter potentials (PPs). After a meal, recording of the 
small-bowel electrical activity was continued for 4 hours. A rapid 
paper speed of 10 mm/s was used for a 1-minute period every 
10 minutes to allow detailed analysis of the propagation pattern 
of the PP. 

Pacing of the Roux limb was accomplished with a square wave 
pulse generator (model 800, WP Instruments Inc, New Haven, 
Conn). A pulse of 5 milliamperes for 50 milliseconds was given 
at a rate slightly above the native PP frequency. A rate of 15 to 
16 pulses per minute was adequate to entrain the PP of the Roux 
limb in all dogs with the Roux procedure. All pacing studies were 
done after a meal. 

All dogs had duplicate studies with the exception of one dog 
with the Roux procedure that died of a bowel obstruction before 
the duplicate pacing study was performed. The order in which 
the studies were done in the dogs with the conventional Roux 
procedure was randomized. 


Gastric Emptying 

After a 12-hour fast, the dogs were placed in the prone posi- 
tion on a gamma camera (Searle, Searle Radiographic Inc, Des 
Moines, Iowa). The camera was fitted with a medium-energy 
collimator and interfaced with a computer (Medical Data System 
A’, Medical Data Systems, Ann Arbor, Mich). A meal consisting 
of one egg, 100 g of dog chow (Alpo Pet Foods Inc, Allentown, 
Pa), and 100 mL of milk was given. The mixture contained 
1012.6) (protein, 33%; carbohydrate, 10%; fat, 57%). The egg had 
been previously labeled with 18.5 MBq of sulfur colloid labeled 
with technetium 99m and cooked to a firm consistency. 

Two-minute static anterior images were obtained using a 
technetium Tc 99 peak of 140 keV+20% and “Ba peak of 
300 keV +30%. Images were obtained 5 and 10 minutes after the 
start of the meal, every 10 minutes to 2 hours, and every 20 min- 
utes until the study ended 4 hours after the meal. Time zero was 
defined as the start of the meal, and the first image was used to 
define 100% activity in the gastric remnant. Because only ante- 
rior images were obtained, no correction for tissue attenuation 
was made. Thus, distal movement of the radiolabel in the stom- 
ach often resulted in anterior movement as well. With the radi- 
olabel closer to the camera, less tissue attenuation was present 
and the gamma counts in the gastric region of interest often rose 
above 100% of the counts seen in the initial scan. This was es- 
pecially true after the conventional Roux procedures when the 
dogs had more severe stasis. 


Data Analysis 


The PPs were quantitated for frequency, direction of propaga- 
tion, velocity of propagation, and the percentage of PPs with ac- 
tion potentials (APs) by visual analysis of the 1-minute sample 
taken every 10 minutes during fasting and after a meal. Each 
1-minute period analyzed was considered representative of the 
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corresponding 10-minute period. The electrical data of the entire 
fed period were used, because no differences between the early 
and the late postprandial period were present. 

The direction of PP propagation was noted to be aboral, oral, 
or indeterminate. Indeterminate propagation was deemed 
present when less than two thirds of PPs showed consistent 
propagation across all electrodes. On some occasions, the prop- 
agation could be seen to switch back and forth between 
antegrade and retrograde propagation. This would imply differ- 
ent pacemakers influencing the recorded region at different 
times. On other occasions, the PPs could be seen to propagate 
in both directions from a central electrode (E, or E;). This implied 
an ectopic pacemaker near the central electrode. This pattern 
was always transient and would revert to an antegrade or retro- 
grade rhythm after five or six cycles. Finally, PPs would 
occasionally appear first at the outside electrodes and propagate 
to the center. This likely represents ectopic pacemakers origi- 
nating both proximal and distal to the Roux electrodes. 

The period of the interdigestive migrating myoelectric com- 
plex (MMC) was identified using the criteria of Code and Mar- 
lett."* The MMC period was the time from the start of one phase 
3 until the start of the next phase 3 in the most proximal electrode 
of the group. The duration of phase 3 was a mean duration of 
the phase 3 recorded from all electrodes. 

The gastric region of interest was identified in each sequential 
anterior image. The Ba marker facilitated determination of the 
border between the stomach and the jejunum. Gamma counts in 
the gastric region of interest were noted, and the counts were 
adjusted for *™Tc decay. Time activity curves were then con- 
structed, and the percent of “Tc in the stomach at 4 hours was 
used for all comparisons. 

Means of myoelectric factors were obtained for each experi- 
mental condition and expressed as mean+SEM. Student’s t test 
for paired and unpaired samples was used. The direction of the 
PP was almost always in the aboral direction in the paced dogs 
and in the dogs with the uncut Roux procedures after the meal. 
Thus, the PP migration direction in the unpaced dogs with the 
conventional Roux procedure was compared using a single 
group t test with a constant of 95%. Linear regression analysis 
was used to examine the association between gastric emptying 
and the PP direction of propagation. After completion of all tests, 
a postmortem examination was done in each dog. 


RESULTS 
Dogs With Conventional Roux Procedure, No Pacing 


Fasting Myoelectric Activity.—The frequency of the 
jejunal PPs during fasting was slower in the Roux limb 
than in the proximal jejunum (Table 1). Most PPs in the 
Roux limb were propagated orally (50.3% +17.6%), while 
26.0% =4.2% showed indeterminate propagation. When 
aboral propagation occurred, the velocity in the Roux limb 
was similar to that in the proximal jejunum. More PPs 
were associated with APs in the Roux limb than in the 
proximal jejunum. In addition, the period of the interdi- 
gestive MMCs was shorter in the Roux limb than in the 
proximal jejunum. Phase 3 of the MMC always propa- 
gated in an aboral direction at a velocity of 4.2+0.4 
cm/min, regardless of the direction of PP propagation. 

Myoelectric Activity After a Meal. —The mixed meal of 
liquids and solids consistently interrupted the MMC for 
at least 4 hours in all dogs. The frequency of the PPs in the 
Roux limb remained slower than in the proximal jejunum 
after the meal (Table 2). The Roux limb postprandially 
continued to have an inconsistent direction of PP propa- 
gation with normal aboral propagation occurring only 
29% of the time, similar to fasting. Oral propagation was 
present 53.3% +19.1% of the time (Fig 2), and indetermi- 
nate propagation was present 17.8%+4.7% of the time 
(Fig 3). The proximal jejunum retained its aboral PP 
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Table 1.—Jejunal Myoelectrical Parameters During Fasting* 


Dogs With Conventional Roux Limbs 
cc ——_ OO _ 7 
Proximal Jejunum 


Electrical Parameter 


Pacesetter potential 
Frequency, cycles/min 
Aboral propagation of cycles, % 
Aboral velocity, cms 
Action potentials, % of PPs with APs 


Migrating myoelectric complex 
Period, min 
Phase 3 duration, min 


17.8+0.8 
93.8+6.3 

5.9+1.1 
25:1+1.2 


118.0+ 16.0 
9.0+1.0 





Dogs With Uncut Roux Limbs 
co OO OSs“ YY! 


Roux Limb Proximal Jejunum Roux Limb 


13.6+0.6T 18.7+0.3 

23.52 13.7T 100 
9.4+2.1 8.3+3.5 

46.1+10.2t 24.2+6.5 


18.2 +0.2ł 
98.0 +1.3F 
6.9+1.1 
26.5+7.2 


60.0+7.8t 
11.321.2 


119.0+14.4 
8.8+1.7 


119.0 +13.5 
6.3+0.9F 


*Values are mean +SEM. PP indicates pacesetter potential; AP, action potential. 


tP<.05 vs proximal jejwnum. 
+P<.05 vs conventional Roux limb. 


Table 2.—Jejunal Myoelectrical Parameters After Feeding* 


Dogs With Conventional Roux Limbs 
—— | 


Unpaced 


a Aa 
Proximal 
Jejunum 


18.2+0.9 

Aboral propagation, % of cycles 100 
5.4+1.2 

27.4+4.4 


Roux Limb 


13.9+0.8t 
29.0+16.2t 
10.2+1.4t 
49.2+7.1t 


Pacesetter Potential Factor 


Frequency, cycles/min 


Aboral velocity, cm/s 
Action potentials, % PPs with APs 





Paced Dogs With Uncut Roux Limbs 


reo mma 


Proximal Proximal 


Jejunum Roux Limb Jejunum 


18.4+0.9 15.4+0.6t 18.3+0.1 
100 99.0+1.5F 100 

5727.2 8.4+1.9 5.0+0.4 

26.9+1.4 36.3+6.9 26.5+6.4 


Roux Limb 


18.0 +0.44} 

99.0 +0.5¢ 
S5 £1.14 

37.5+8.1 


*Values are mean+SEM. PP indicates pacesetter potential; AP, action potential. 


tP<.05 vs proximal jejunum. 
+P<.05 vs unpaced Roux limb. 


propagation. Aboral velocity of the PP propagation was 
now faster in the Roux kmb than in the proximal jejunum 
(Table 2). The velocity cf aborally propagating PPs in the 
Roux limb was similar to the velocity of PPs propagated 
orally (10.2+1.4 cm/sec). 

Gastric Emptying. — All the dogs with the conventional 
Roux procedure had marked stasis of solids when given 
a mixed meal of solids and liquids. The overall percent of 
the labeled meal remaining in the stomach at 4 hours was 
97% +1.6%. 


Dogs With Conventional Roux Procedure During Pacing 


Myoelectric Activity After a Meal. —The Roux limb PP 
was entrained by electrical pacing at a rate of 15 to 
16 cycles/min. Aboral propagation of the PP nearly always 
occurred with pacing (Table 2, Fig 4); no PPs were found 
to propagate orally. The velocity of aboral PP propagation 
did not differ between the proximal jejunum and the 
paced Roux limb. The percentage of PPs associated with 
APs in the Roux limb during pacing was similar to the 
percentage in the proximal jejunum. This was in contrast 
to the increased percentage of PPs associated with APs in 
the Roux limb without pacing (Table 2). 

Gastric Emptying.—Pacing the Roux limb clearly 
speeded gastric emptying at 4 hours, compared to those 
tests during which the limb was not paced 
(paced = 61.0% +5.5% of the labeled meal remaining in 
the stomach at 4 hours; no pacing =97% +1.6% remain- 
ing; P<.05) (Fig 5). 


Dogs With Uncut Roux Limb, No Pacing 


Fasting Myoelectric Activity. —The PP frequency in the 
uncut Roux limb was similar to the frequency in the prox- 
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"Uncut" 
Roux 
Gastrojejunostomy 


l 


Roux 
Gastrojejunostomy 


Gastric 
Remnant 


Pacing 
Electrode 





Fig 1.—Opeiative preparations in the two groups of dogs. E 
indicates long-term recording electrodes placed 2 cm apart on the 
serosal surface of the efferent (Roux) limb; A, electrodes placed at 
2-cm intervals on the afferent (proximal) jejunum. 


imal jejunum and faster than the frequency in the 
conventional Roux limb (Table 1). In addition, aboral 
propagation of the PPs was nearly always present in the 
uncut Roux limb (Table 1). The percentage of PPs associ- 
ated with APs was similar in the uncut Roux limb and in 
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Fig 2.—Recording of electrical activity from a conventional Roux 
limb after a meal showing pacesetter potentials (PPs) propagating 
in an oral direction (dotted lines). E, through E, are serosal 
electrodes placed sequentially 2 cm apart on the limb with E, 4 cm 
distal to the gastrojejunostomy and E, 10 cm distal. 





Fig 3.—Recording of electrical activity from the conventional Roux 
limb showing both aboral and oral propagation of the pacesetter 
potentials (dotted lines). Electrodes are placed as in Fig 2. 


the proximal jejunum (Fig 6). The periods of the MMCs 
were nearly identical in the uncut Roux limb and the 
proximal jejunum. The periods were of greater duration 
than those found in the conventional Roux limb. The 
duration of phase 3 of the MMC cycles in the uncut 
Roux limb was shorter than in the conventional Roux 
limb (Table 1). Phase 3 always migrated in an aboral di- 
rection in the uncut Roux limb, and did so at a velocity of 
4.8+0.6 cm/min. 

Myoelectric Activity After a Meal.—The meal consis- 
tently interrupted the MMC forat least 4 hours in the dogs 
with uncut Roux limbs. The PP frequency and consistent 
aboral PP propagation remained similar in the uncut Roux 
limb and proximal jejunum after the meal. The aboral ve- 
locity of the PP in the uncut Roux limb did not differ from 
that of the proximal jejunum, but it was slower than the 
velocity found in the conventional Roux limb (Table 2). 
The velocity of the PP propagation across the staple line 
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Pacing Stimulus 





Fig 4.—Recording of electrical activity from a conventional Roux 
limb with electrical stimulation of the proximal end of the limb. The 
pacesetter potentials show a faster frequency with pacing than 
without pacing (see Fig 2) and consistent aboral propagation. Elec- 
trodes are placed as in Fig 2. 
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Fig 5.—Graph depicting gastric emptying of solids in dogs after 
conventional Roux gastrectomy with and without pacing. Vertical 
axis is the percentage of radioactive solid marker remaining in 
stomach. Horizontal axis is time after eating test meal. The vertical 
bars at each hour represent the mean+SEM (n= four dogs). 


(4.0+0.8 cm/s, A, to A;, Fig 1, right) was similar to the ve- 
locity proximal to the staple line (5.0+0.4 cm/s, A; to A», 
Fig 1, right). The percentage of PPs associated with APs 
did not differ between the proximal jejunum and the un- 
cut Reux limb. 

Gastric Emptying.—The dogs with uncut Roux limbs 
emptied more from their stomachs at 4 hours (only 
66% +7.4% of the labeled meal remained) than the 
conventional unpaced dogs with Roux procedures 
(97% =1.6% remained, P<.05, Fig 7). No differences were 
noted between the dogs with uncut limbs and the paced 
dogs with the conventional Roux procedure. 


Correlations 


An inverse linear correlation was present between the 
percent of the PPs propagating in the aboral direction and 
the percent of solids remaining in the stomach at 4 hours 
(r= —.78, P<.01). Thus, the greater the percentage of PPs 
propagated aborally, the better the gastric emptying. 
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Fig 6.—Recording of electrical activity from an “uncut” Roux limb 
after a meal showing aboral propagation of the pacesetter potentials 
(dotted lines). E, through E, are serosal electrodes placed 2 cm apart 
on the limb with E, 4 cm distal to the gastrojejunostomy and E; 10 
cm distal. 
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Fig 7.— Graph depicting gastric emptying of solids in dogs with the 
“uncut” Roux operation and in dogs with the conventional Roux 
procedure without pacing. Vertical axis is the percentage of radio- 
active solid marker remaining in stomach. Horizontal axis is time 
after eating test meal. The vertical bars at each hour represent the 
mean+SEM (n= four dogs). 


Autopsy Findings 

All dogs were killed 3 months after operation, except for 
one dog killed 6 weexs after operation. The gastrojejunos- 
tomy and jejunojejunostomy were widely patent in every 
dog, and a complete vagotomy was confirmed anatomi- 
cally in each animal. No evidence of small-intestinal ob- 
struction was present in any dog. In the dog with the Roux 
procedure that had to be killed prematurely a necrotic left 
side of the colon secondary to an adhesive obstruction 
was present. In the dogs with uncut Roux limbs, some of 
the staples in the afferent limb had sliced through the 
bowel wall in all four dogs. This resulted in an opening 
at the staple line that ranged in size from a pinhole to a 
full reconstitution of the small-intestinal lumen. 


COMMENT 


This study confirmed earlier reports that truncal va- 
gotomy, hemigastrectomy, and Roux gastrojejunostomy 
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in dogs cause ectopic pacemakers to appear in the Roux 
limb and result in gastric stasis. We had previously found 
ectopic pacemakers in the canine Roux limb,” while 
Hocking et al and Ehrlein et al demonstrated slow gas- 
tric emptying with Roux gastrojejunostomy compared 
with Billroth I or II gastrojejunostomy. In a later study, 
however, Vogel et al’® were unable to document delayed 
gastric emptying of solids after the Roux procedure in 
dogs. The reason for this is unclear. Certainly, vagotomy 
and Roux gastrectomy consistently produced gastric sta- 
sis of solids in our dogs. 

A major finding of our study was that gastric emptying 
of solids was enhanced by the elimination of ectopic 
pacemakers in the canine Roux limb. Previous work from 
our laboratory did not clearly show improved gastric 
emptying of solids with pacing of the Roux limb,” 
although others have reported improved emptying of 
solids with pacing in rats with the Roux procedure.” In 
our previous tests, the liquid portion of the meal was 
larger than in these tests (previous tests, 354 mL; current 
tests, 100 mL). Perhaps the liquids may have speeded the 
emptying of solids in the previous tests and prevented 
real differences in solid emptying with pacing from being 
observed. 

A secondary finding was the increase in APs in the 
conventional Roux limb compared with the in situ prox- 
imal jejunum. Because propagation of the Roux PPs was 
most commonly in the oral direction, the increase in APs 
associated with the PPs would mean an increase in orally 
propagating contractions. Such contractions would likely 
slow gastric emptying. In fact, we showed in earlier tests 
that pacing a Roux limb backward during the powerful 
contractions of phase 3 of the MMC drives luminal con- 
tent toward the stomach and slows gastric emptying, in- 
stead of carrying content distally from the stomach. '®° 
Pacing has been shown in a recent study to decrease mo- 
tility in a canine jejunal loop.” Thus, pacing in dogs may 
act not only to restore the aboral direction of propagation 
of canine PPs and contractions, but also to inhibit con- 
tractile activity. In contrast to these findings in dogs, the 
Roux limb of humans does not always show increased 
motor activity and may even show decreased activity.°” 
Increased motor activity in the Roux limb of humans may 
not be as important a contributor to upper gut stasis as it 
is in dogs. 

The improved gastric emptying brought about by pac- 
ing in dogs with the Roux stasis syndrome suggests that 
pacing may be a possible treatment of the syndrome in 
man. Previous attempts at pacing the human Roux limb 
have been unsuccessful, but our technique may have been 
faulty.” Im the previous tests, Roux limb pacing was 
attempted at a site 10 cm distal to the gastrojejunostomy. 
The incidence of orally propagating PPs decreases mark- 
edly with progression distally down the Roux limb.” 
Thus, pacing at a site 10 cm distal to the gastrojejunos- 
tomy may have been in an area where more proximal ec- 
topic pacemakers were driving this portion of bowel to its 
maximal frequency. Pacing at a more proximal site might 
be more likely to entrain the PPs and eliminate the elec- 
trical dysrhythmias in the Roux limb. 

In this study the uncut Roux limb procedure in dogs 
avoided jejunal transection, maintained a healthy electri- 
cal pattern in the Roux limb, and also improved gastric 
emptying. The PP frequency remained at its normal rate 
of approximately 18 cycles/min in the uncut Roux limb, in 
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contrast to the slower frequency of 15 cycles/min in the 
conventional Roux limb. Second, the MMC period re- 
mained unchanged in the efferent limb of the uncut Roux 
dog. The decrease in the MMC period found after jejunal 
transection has been shown by others.” Finally, the 
increase in the velocity of aboral PP propagation found in 
the conventional Roux limb was not found in the uncut 
Roux limb. Thus, the uncut Roux limb showed much less 
disruption of the jejunal electrical activity than the con- 
ventional Roux limb. 

Because of these advantages, the uncut Roux operation 
might have clinical application. The procedure would 
prevent ectopic pacemakers in the small bowel and could 
be used in the treatment of reflux gastritis without lead- 
ing to upper gut stasis. The uncut Roux procedure could 
also be used as a primary reconstruction after partial gas- 
trectomy to prevent the appearance of reflux gastritis. A 
procedure that employs these principles has been de- 
scribed previously in humans.” The procedure consisted 
of stapling the afferent limb of a Billroth II gastrojejunos- 
tomy and then performing a diverting enteroen- 
terostomy. 

Unfortunately, the small intestinal staple line that was 
part of the uncut Roux operation in our tests did not 
maintain its integrity. At autopsy, some or all of the sta- 
ples were found to have sliced through the bowel wall 
leading to at least partial and sometimes total disruption 
of the staple line. This likely allowed some of the duode- 
nal content to pass across the staple line and into the 
stomach. Mulholland et al have also reported disruption 
of enteric staple lines over time. Construction of an uncut 
Roux limb may decrease the incidence of gastric stasis, but 
the operation must be improved to achieve complete bil- 
iary diversion before it can be recommended for the 
treatment of reflux gastritis in humans. 

In summary, upper gut stasis of solid food after Roux- 
en-Y gastrojejunostomy was due in part to ectopic pace- 
makers in the Roux limb that resulted in orally propagated 
contractions. Antegrade pacing of the Roux limb or use of 
an uncut Roux limb abolished the ectopic pacemakers and 
improved gastric emptying of solids. Pacing the Roux 
limb is a potential treatment for patients with the Roux 
stasis syndrome, but further human studies are needed. 
Also, further refinement of the uncut Roux limb is needed 
to produce complete and permanent diversion of bile 
away from the stomach, before it can be recommended in 
man. 
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ANTIFUNGAL SUCCESS 


Excellent clinical efficacy in oropharyngeal, esophageal, 
and systemic candidiasis, and cryptococcal meningitis 


















OROPHARYNGEAL’* P<0.001 ESOPHAGEAL” (endoscopic cures) P<0.001 


DIFLUCAN (212/221) % DIFLUCAN (59/67) % 
MUCOSAL Cured 81% Improved 15% 96 88 
CANDIDIASIS 

clotrimazole (72/91) VA ketoconazole (38/69) % 

Cured 05% Improved 14% 5 5 





URINARY TRACT” 
DIFLUCAN (189/219) g 6“ DIFLUCAN (30/38) 79” 
Cured 63% Improved 23% Cured 53% Improved 26% 








ACUTE THERAPY” P = 0.39 (NS) MAINTENANCE TO PREVENT RELAPSE” P = 0.00001 


DIFLUCAN (78/131) % DIFLUCAN (102/111) % 
CRYPTOCOCCAL Cured 34% Quiescent 26% 60 92 
MENINGITIS 

amphotericin B (42/63) % EMIO UE AELE % 


Extensive penetration to key tissues, organs, and fluids 


Distribution throughout the body approximates that of total body water after oral or IV dosing.” 
Oral bioavailability of Diflucan is >90% and unaffected by agents that increase gastric pH. 





Excellent clinical safety 


In over 4,000 patients who received Diflucan for at least 7 days, the most common adverse events were 
nausea 3.7% , headache 1.9% , and skin rash 1.8%. 


Rare incidents of serious hepatotoxicity have been reported, but the causal relationship to Diflucan 
is uncertain.” 
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WITH ONCE-DAILY DOSING 
FOR A WIDE RANGE OF 
PATIENTS 





RECOMMENDED DOSAGE: 








INDICATION LOADING DOSE DAILY THERAPY 
OROPHARYNGEAL 

CANDIDIASIS 200 mg 100 mg 
ESOPHAGEAL 

CANDIDIASIS 200 mg 100 mg* 
SYSTEMIC 

CANDIDIAS!S 400 mg 200 mg 
CRYPTOCOCCAL 

MENINGITIS 400 mg 200 mg* 
(acute) 

CRYPTOCOCCAL 

MENINGITIS 

(maintenance to 200 mg 


prevent relapse) 


“Doses of up to 400 mg/day may be used, based on medical judgment of the patient's response to therapy 





References: 1. Horan TC, Culver D, Jarvis W, et al: Pathogens causing nosocomial infections: Preliminary 
data from the National Nosocomial Infections Surveillance System. The Antimicrobic Newsletter September 
1988;3:2-5. 2. Data available on request from Roerig. 3. Powderly W, Saag M, Cloud G, et al: Fluconazole vs 
amphotericin B as maintenance therapy for prevention of relapse of AlDS-associated cryptococcal men- 
ingitis. Presented at 30th Interscience Conference on Antimicrobial Agents and Chemotherapy. Atlanta, GA, 
October 24, 1990. 


Brief Summary 


INDICATIONS AND USAGE 
DIFLUCAN (fluconazole) is indicated for the treatment of: 
1. Oropharyngeal and esophageal candidiasis. DIFLUCAN is also effective for the treatment of serious 
systemic candidal infections, including urinary tract infection, peritonitis, and pneumonia 
2. Cryptococcal meningitis. 

Specimens for fungal culture and other relevant laboratory studies (serology, histopathology) should be 
obtained prior to therapy to isolate and identify causative organisms. Therapy may be instituted before the 
results of the cultures and other laboratory studies are known: however, once these results become available, 
anti-infective therapy should be adjusted accordingly. 


CONTRAINDICATIONS 
DIFLUCAN (fluconazole) is contraindicated in patients who have shown hypersensitivity to fluconazole or to 
any of its excipients. There is no information regarding cross hypersensitivity between fluconazole and other 
azole antifungal agents. Caution should be used in prescribing DIFLUCAN to patients with hypersensitivity to 


other azoles. i 
q Roerig 
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100 mg. 200 mg Tablets / 200 mg. 400 mg IV Injection 


WARNINGS 

In rare case, anaphylaxis nas been reported 

Patients who develop atnormal liver function tests during DIFLUCAN therapy should be monitored for the 
development of more severe hepatic injury. Although serious hepatic reactions have been rare and the causal 
association with DIFLUCAN uncertain, if clinical signs and symptoms consistent with liver disease develop 
that may be-attributable to fluconazole, DIFLUCAN should be discontinued. (See Adverse Reactions.) 

Immunocampromised patients who develop rashes during treatment with DIFLUCAN should be monitored 
Closely and ‘he drug discontinued if lesions progress. (See Adverse Reactions.) 


PRECAUTIONS 
Drug Interactions (See C inical Pharmacology) 
DIFLUCAN ("uconazole) increased the prothrombin time-after warfarin administration. Careful monitoring of 
prothrombiretime in patients receiving DIFLUCAN and coumarin-type anticoagulants is recommended 

DIFLUCAR increased the plasma concentrations of phenytoin. Careful monitoring of phenytoin concentra- 
tions in patients receiving DIFLUCAN and phenytoin is recommended. 

DIFLUCAP has been infrequently associated with an increase in cyclosporine concentrations in renal 
transplant patients with or without impaired renal function. Careful monitoring of cyclosporine concentrations 
in patients receiving DIFLUCAN and cyclosporine is recommended 

DIFLUCAM increased the plasma concentrations and reduced the metabolism of tolbutamide, glyburide 
and glipizide. When DIFLUCAN is used concomitantly with these or other sulfonylurea oral hypoglycemic 
agents, blocd glucose concentrations should be carefully monitored, and the dose of the sulfonylurea should 
be adjusted as necessary. 

Rifampin enhances the metabolism of concurrently administered DIFLUCAN. Depending on clinica! 
soap ong consideration should be given to increasing the dose of DIFLUCAN when it is administered 
with rifampie 

Physicians should be aware that drug-drug interaction studies with other medications have not been 
conducted, But such interactions may occur 


Carcinogenesis, Mutagenesis and Impairment of Fertility 

Fluconazole showed no evidence of carcinogenic potential in mice and rats treated Orally for 24 morths at 
doses of 2.5 5 or 10 mg/kg/day (approximately 2-7x the recommended human dose). Male rats treated with 
5 and 10 mg’kg/day had an increased incidence of hepatocellular adenomas 

Fluconazce, with or without metabolic activation, was negative in tests for mutagenicity in 4 strains of S. 
typhimurium and in the mouse lymphoma L5178Y system. Cytogenetic studies in vivo (murine bone marrow 
Cells, followmg oral administration of fluconazole) and in vitro (human lymphocytes exposed to fluconazole at 
1000 j1g/mL) showed no evidence of chromosomal mutations. 

Fluconazce did not affect the fertility of male or female rats treated Orally with daily doses of 5, 10 or 20 
mg/kg or with parenteral doses of 5, 25 or 75 mg/kg, although the onset of parturition was Slightly delayed at 
20 mg/kg p.d. In an intravenous perinatal study in rats at 5, 20 and 40 mg/kg, dystocia and prolongation of 
parturition were observed ir a few dams at 20 mg/kg (approximately 5-15x the recommended human dose) 
and 40 mg/kg, but not at 5 mg/kg. The disturbances in parturition were reflected by a slight increase in the 
number of stillborn pups and decrease of neonatal survival at these dose levels. The effects on parturition in 
rats are corsistent with the species specific estrogen-lowering property produced by high doses of 
fluconazole. Such a hormone change has not been observed in women treated with fluconazole. (See Clinical 
Pharmacology.) 


Pregnancy 
Teratogenic Effects. Pregnancy Category C: Fluconazole was administered orally to pregnant rabbits 
during orgaragenesis in two studies, at 5, 10 and 20 mg/kg and at 5, 25, and 75 mg/kg respectively. 
Maternal weght gain was impaired at all dose levels, and abortions occurred at 75 mg/kg (approximately 
20-60x the recommended human dose); no adverse fetal effects were detected. In several studies in which 
pregnant rats were treated crally with fluconazole during organogenesis, maternal weight gain was impaired 
and placenta weights were increased at 25 mg/kg. There were no fetal effects at 5 or 10 mg/kg; increases in 
fetal anatomical variants (supernumerary ribs, renal pelvis dilation) and delays in ossification were observed 
at 25 and ®© mg/kg and higher doses. At doses ranging from 80 mg/kg (approximately 20-60x the 
recommended human dose to 320 mg/kg embryolethality in rats was increased and fetal abnormalities 
included wave ribs, cleft palate and abnormal cranio-facial ossification. These effects are consistent with the 
inhibition of EStrogen synthesis in rats and may be a result of known effects of lowered estrogen on pregnancy, 
Organogenesss and parturition. 

There are no adequate end well controlled studies in pregnant women. DIFLUCAN should be used in 
pregnancy omiy if the potent al benefit justifies the possible risk to the fetus. 


Nursing Mothers 
Fluconazole is secreted in hLman milk at concentrations similar to plasma. Therefore, the use of DIFLUCAN in 
nursing mothers is not recommended 


Pediatric Use 
Efficacy of DIFLUCAN has no been established in children. A small number of patients from age 3 to 13 years 
have been treated safely with DIFLUCAN using doses of 3-6 mg/kg daily. 


ADVERSE REACTIONS 
Sixteen percent of over 4000 patients treated with DIFLUCAN (fluconazole) in clinical trials of 7 days or more 
experienced adverse events Treatment was discontinued in 1.5% of patients due to adverse clinical events 
and in 1.3% ef patients due to laboratory test abnormalities. 

In combined clinica! trials and foreign marketing experience prior to U.S. marketing, patients with serious 
underlying disease (predominantly AIDS or malignancy) rarely have developed serious hepatic reactions or 
exfoliative skin disorders dur'ng treatment with DIFLUCAN (See Warnings). Two of these hepatic reactions and 
one exfoliative skin disorder (Stevens-Johnson syndrome) were associated with a fatal outcome. Because 
most of these patients were receiving multiple concomitant medications, including many known to be 
hepatotoxic cr associated with exfoliative skin disorders, the causal association of these reactions with 
DIFLUCAN therapy is uncertain 

Clinical adverse events were reported more frequently in HIV infected patients (21%) than in non-HIV 
infected patients (13%); however, the patterns in HIV infected and non-HIV infected patients were similar. The 
proportions o' patients disccntinuing therapy due to clinical adverse events were similar in the two groups 
(1.5%) 

The following treatment-related clinical adverse events occurred at an incidence of 1% or greater in 4048 
patients rece ving DIFLUCAN for 7 or more days in clincal trials: nausea 3.7%, headache 1.9%, skin rash 
1.8%, vomitirg 1.7%, abdominal pain 1.7%, and diarrhea 1.5%. 

In two comparative trials evaluating the efficacy of DIFLUCAN for the suppression of relapse of cryptococ- 
cal Meningitis, a statistically significant increase was observed in median AST (SGOT) levels from a baseline 
value of 30 IU/L to 41 IU/L in one trial and 34 IU/L to 66 IU/L in the other. The overall rate of serum 
transaminaseeievations of more than 8 times the upper limit of normal was approximately 1% in fluconazole- 
treated patients in clinical tials. These elevations occurred in patients with severe underlying disease, 
predominantly AIDS or malignancies, most of whom were receiving multiple concomitant medications, 
including mary known to be hepatotoxic. The incidence of abnormally elevated serum transaminases was 
greater in patents taking DIFLUCAN concomitantly with one or more of the following medications: rifampin, 
phenytoin, isoniazid, valproic acid or oral sulfonylurea hypoglycemic agents. 

In rare CaSes, anaphylaxis has been reported 

Although rare cases of leukopenia and thrombocytopenia have been reported, a causal relationship to 
fluconazole hs not been established. 
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Original Article 


Combined Carotid-Vertebral Arterial Trauma 


Rodney J. Landreneau, MD; john A. Weigelt, MD; Stephen M. Megison, MD; Donald E. Meier, MD; William J. Fry, MD 


è Eight patients with simultaneous penetrating trauma to 
the carotid and vertebral arteries among 129 carotid and 53 
vertebral arterial injuries have been treated in the last 14 
years. In contrast to a 10% mortality with isolated carotid 
or vertebral trauma, the mortality associated with this injury 
complex was 50%. This high mortality directly related to the 
overall complexity of the trauma sustained by these pa- 
tients. The liberal use of arteriography to assess penetrating 
cervical trauma has enhanced the diagnosis of these inju- 
ries. We recommend simultaneous surgical management of 
the carotid and vertebral arterial injury through an ex- 
tended anterior cervical approach. 
(Arch Surg. 1991;126:301-304) 


T he identification and management of significant pen- 

etrating cervical vascular trauma remain an intrigu- 
ing problem. We report our experience with the morbid 
and underappreciated pattern of combined carotid- 
vertebral arterial trauma (Fig 1). We have encountered 
this injury in eight of 174 patients with penetrating cervi- 
cal arterial trauma during the last 14 years. The liberal use 
of preoperative arteriographic assessment of the stable 
patient with penetrating cervical trauma has facilitated 
the recognition of these serious injuries. 


MATERIALS AND METHODS 


The charts of all patients who sustained penetrating carotid 
and vertebral artery injuries at Parkland Memorial Hospital, 
Dallas, Tex, from September 1976 to May 1989, were reviewed. 
Of 174 patients with cervical arterial trauma, there were 129 ca- 
rotid and 53 vertebral arterial injuries that were treated surgically 
during this period as follows: 


Arterial Trauma Mortality, % (No.) 
Isolated carotid 10 (13/129) 
Isolated vertebral 6 (3/53) 
Combined carotid-vertebral 50 (4/8) 


Eight of these patients were found to have sustained combined 
carotid-vertebral arterial trauma. Seven patients with this com- 
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bined injury sustained gunshot wounds, and one patient suf- 
fered multiple stab wounds to the neck. 

Four of these patients were hypotensive at presentation to the 
emergency department (systolic blood pressure, <80 mm Hg) 
due to blood loss from their injuries. Three of these patients were 
successfully resuscitated with intravenous fluids, but the fourth 
remained im shock from active cervical hemorrhage. 

These patients suffered a variety of associated injuries as 
follows: 


Associated Injury No. of Patients 
Jugular vein 3 
Neurologic 

Hemispheric ischemia 
Cranial nerve 
Brachial plexus 
Subtotal 
Esophagopharyngeal 
Lung and pleura 
Abdominal viscera 
Cervical spine 
Mandible 
Maxilla 
Total 


RPeENNNWOWUH Rw 


Three patients required tube thoracostomy to manage hemo- 
pneumothoraces from thoracic gunshot wounds. Two patients 
sustained abdominal gunshot wounds and underwent celiot- 
omy with repair of small-bowel injuries. Penetrating injury to the 
cervical esophagus or pharynx occurred in three patients. Jugu- 
lar venous injury was present in three patients. There were no 
injuries to the larynx or cervical trachea; however, two mandib- 
ular fractures and one maxillary fracture occurred. Cervical spine 
transverse process fracture or chip fracture of the body of the 
vertebrae was associated with seven of these combined vascular 
injuries. 

A significant neurologic deficit was identified in five patients. 
Obtundation and hemiparesis were noted in three patients. Pre- 
operative dysfunction of cranial nerves IX, X, and XI was appre- 
ciated in one patient, and a lower-cord brachial plexus motor and 
sensory deficit was noted in one patient. 

Two patients required an urgent cervical exploration. Both of 
these patients had expanding cervical hematomas and active 
bleeding from the wound. One of these patients required early 
postoperative arteriography to assess progressive hemiparesis, 
resulting from occlusion of a missed carotid arterial injury at the 
initial exploration. Six patients whose conditions were hemody- 
namically stable and without respiratory compromise under- 
went arteriography to assess their cervical injuries. 


RESULTS 


Arteriography correctly localized the site of the vascu- 
lar injury in all seven cases that were so examined. The 
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Fig 1.— The carotid-vertebral arterial injury complex. 


nature of the carotid and vertebral injuries that were 
identified angiographically are summarized below: 


Injury No. 

Carotid 

Pseudoaneurysm 4 

Open disruption 1 

Intimal tear 3 
Vertebral 

Pseudoaneurysm + 

Thrombosis 3 

Open disruption 1 


With regard to the intimal tear in the above tabulation, 
one injury was missed at urgent exploration; carotid 
thrombosis was found at postoperative arteriography to 
assess neural instability. Also, with regard to the throm- 
bosis in the above tabulation, late development of arteri- 
ovenous fistula was found in one case. The carotid- 
vertebral injuries were found on the same side of the neck 
in five patients and on the opposite side of the neck in 
three patients. 

The management of the cervical vascular injuries is 
given in the Table. Both of the external carotid injuries 
were managed with ligation. One patient with uncon- 
trollable hemorrhage from a distal internal carotid injury 
also underwent ligation alone. Four patients with injuries 
to the internal or common carotid artery were repaired 
with débridement of the vessel and end-to-end anasto- 
motic repair. 

Complex reconstruction of extensive carotid injuries 
was required in two patients. One patient who was found 
to have a long tangential disruption of the common 
carotid artery underwent an extended saphenous vein 
patch angioplasty. A second patient who sustained a 
complex injury of the carotid bulb required bulbar recon- 
struction with a saphenous interposition between the 
common and internal carotid vessel and an end-to-side 
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reconstruction of the external carotid circulation. These 
last twe cases were the only occasions where the intralu- 
minal carotid shunt was used. 

Ligation was used to manage all vertebral artery inju- 
ries. Proximal ligation was accomplished in all cases, but 
distal lization was initially performed in only five patients. 
One injury at C-1 could only be approached with proximal 
ligatior and packing of the distal injury. A second patient 
who was operated on emergently died in the operating 
room o- exsanguination before distal control of a C-1 injury 
could be obtained. The third patient who underwent prox- 
imal ligation alone of a C-5 injury required reexploration 
and distal ligation at the C1-2 interspace to manage the ar- 
teriovenous fistula that was described earlier. 

Bilateral neck exploration was required to manage con- 
tralateral carotid-vertebral injuries in three patients. One 
of these cases involved multiple stab wounds to both sides 
of the meck. Two patients who suffered transcervical pas- 
sage of gunshot wounds were also found to have carotid- 
vertebral injuries on opposite sides of the neck in addition 
to significant pharyngoesophageal trauma. 

Three esophagopharyngeal injuries were managed 
with primary closure and drainage. Two esophageal 
injuries leaked after repair. One of these leaks resulted in 
a paraesophageal abscess, causing pseudoaneurysmal 
disrup-ion and thrombosis of the carotid arterial repair. 
The other major postoperative complications that oc- 
curred among these patients were as follows: 


Postoperative Complication No. 

Esophagopharyngeal 

Repair leak alone 1 

Repair leak alone and paraesophageal abscess 1 

Subtotal 2 
Neurclogic 

Upper-extremity weakness (brachial plexus injury) 1 

Strcke-hemiparesis 1 

Pharyngeal dysfunction (cranial nerves IX, X, 

aad XI injury) 1 

Sultotal 3 
Septic 

Pneumonia 2 

Em>yema 1 

Subtotal 3 
Total 8 


Witk regard to the stroke-hemiparesis and empyema in 
the above tabulation, postoperative death occurred. 

Thoracoabdominal injuries also contributed to postop- 
erative morbidity. Two patients who sustained concom- 
itant gunshot wounds to the abdomen underwent ex- 
ploratery celiotomy and repair of small-bowel injuries 
follow-ng the management of the cervical injury complex. 
A postoperative empyema developed in one patient and 
required decortication despite initial tube thoracostomy. 
Another patient died as a result of respiratory failure from 
aspiration pneumonia. 

A significant neurologic deficit was seen postopera- 
tively in three patients. Two of the three patients with pre- 
operative obtundation and hemiparesis experienced full 
neurologic recovery after carotid arterial repair. The third 
patien: with severe obtundation died intraoperatively of 
uncon-rolled hemorrhage. One patient had a persistent ul- 
nar nerve palsy related to the lower-cord brachial plexus 
injury. A second patient with direct injury to cranial nerves 
IX, X, end XI had significant pharyngeal dysfunction and re- 
petitiv2 aspiration that ultimately required permanent tra- 
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Carotid Artery (n= 8) 


Vertebral Artery (n=8) 
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Location Management 


External carotid 
Zone Il 
Zone Ill 


Ligat on (2) 


Internal carotid 
Zone Il 
Zone Ill 


End-to-end repair (2) 
Ligation (1) 


Common carotid 


Zone II Saphenous vein patch (1) 


End-to-end repair (1) 


Carotid bulb Complex repair (1) 


*To manage delayed arteriovenous fistula. 





Fig 2.—Extended anterolateral incision used to expose all portions 
to the cervical vertebral and carotid arteries. 


cheostomy and gastrostomy for alimentation. The third pa- 
tient suffered a late fatal stroke following thrombosis of a ca- 
rotid repair pseudoaneurysm that was associated with the 
paraesophageal abscess described earlier. 

The four deaths (50%) related directly to the complex- 
ity of the trauma, to hemorrhagic shock, and to compli- 
cations from associated pharyngoesophageal injuries. 
One death resulted from intraoperative exsanguination 
from a base-of-the-skull-combined vascular injury. A de- 
layed carotid repair thrombosis caused by a postoperative 
paraesophageal abscess resulted in one patient’s death 
from a massive stroke. The two other deaths resulted from 
hemorrhagic shock—related multiorgan failure and aspi- 
ration pneumonia. 


COMMENT 


This report focuses attention on a rare cervical vascular 
injury complex. Whereas a 5% to 10% mortality with ei- 
ther isolated vertebral or carotid arterial injuries has been 
reported,’* the mortality with combined carotid-vertebral 
injury reaches 50%. It is noteworthy that these combined 
injuries made up 80% of all of the deaths in our vertebral 
arterial experience and one third of all deaths related to 
carotid arterial trauma. 
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Location 


3rd portion, C1-2 (n=3) 


2nd portion, interosseous (n=3) 


1st portion, subclavian—C-6 (n =2) 





Management 


Proximal/distal ligation (1) 
Proximal ligation alone (2) 


Proximal/distal ligation (2) 
Proximal ligation with delayed distal ligation* (1) 


Proximal ligation (1) 
Proximal/distal ligation (1) 


Little has been written with regard to this combined in- 
jury. The surgical management of life-threatening carotid 
arterial trauma dates back to Fleming’s daring ligation of 
a severed common carotid artery in 1803.° To our knowl- 
edge, Matas* was the first to describe the grave nature of 
vertebral arterial trauma in his 1893 report of a seemingly 
rare vascular injury. Preoperative angiographic assess- 
ment of penetrating cervical trauma has led to the 
increased discovery of both carotid and vertebral arterial 
injuries.**’ Meier et al,* through the liberal use of preop- 
erative arteriography, have identified a higher prevalence 
of vertebral arterial injury among patients who sustained 
penetrating cervical trauma than previously recognized. 
Interestingly, the 3% incidence of vertebral arterial 
trauma, identified during an earlier period of mandatory 
exploration at their institution, increased to 30% of all 
cervical vascular injuries that were seen by utilizing 
selective cervical exploration based on angiographic, en- 
doscopic, and physical findings.*"" This provides addi- 
tional rebuttal against the opinion that cervical explora- 
tion is the diagnostic “gold standard” of management for 
penetrating neck trauma. 

Active hemorrhage, expanding cervical hematomas, 
and acute loss of the airway following cervical trauma re- 
quire immediate surgical attention.’’'° Most other pa- 
tients with penetrating cervical trauma can safely undergo 
angiographic assessment to define possible vascular in- 
jury.2”°?" The identification of combined carotid- 
vertebral injuries and the management of the extensive 
carotid artery disruptions that required complex repair 
were certainly facilitated through the use of preoperative 
arteriography. 

Postoperative arteriography should be considered in 
patients with cervical vascular trauma who require emer- 
gency exploration, as some significant arterial injuries can 
be missed despite a careful cervical exploration under 
these circumstances. This approach appears to be partic- 
ularly valid, considering the realm of vertebral arterial in- 
juries that may be easily overlooked. Although we do not 
recommend angiographic occlusion in the initial manage- 
ment of cervical vertebral arterial injuries that are part of 
an injury complex requiring surgical exploration, such 
methods may be useful to avoid reexploration for man- 
agement of an occult vertebral arterial lesion that is iden- 
tified postoperatively. 

Others feel that routine angiographic assessment of the 
vertebral arterial system overemphasizes injuries that 
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would probably have gone unnoticed." We do not sup- 
port the opinion of vertebral injury benignity nor of an 
approach of deliberately neglecting a potential vascular 
injury with such serious sequelae as late arteriovenous 
fistula and pseudoaneurysm.?*>*" Most cervical verte- 
bral arterial injuries can be easily managed through the 
same anterolateral approach that is used for ipsilateral 
carotid arterial exposure. Extending this incision to the 
mastoid process will allow exposure of the high cervical 
vertebral artery (Fig 2).”*!°*! Proximal and distal ligation 
rather than repair of the injured vertebral artery is recom- 
mended unless arteriography identifies a hypoplastic 
contralateral vertebral artery. There is minimal risk of 
brain-stem stroke under these circumstances.*? 273 

Controversy continues to surround cerebral revascular- 
ization in the face of significant neurologic instability.** 
The reversal of the neurologic deficit in two of three ob- 
tunded and hemiparetic individuals in this experience sug- 
gests that vascular repair should be pursued aggressively. 
Others emphasize that the patient with a severe neural def- 
icit and a patent vessel or those patients with less extensive 
neurologic impairment should have an attempt at repair of 
the carotid injury to prevent the late complications of 
pseudoaneurysm, late hemorrhage, and thrombosis.”** 

Pharyngoesophageal and cervical neural trauma were 
considerably more common with this combined injury than 
with isolated carotid or vertebral arterial trauma.2°%92732.33 
The proximity of the esophagus and the cervical nerve roots 
to these vascular structures explains this increased incidence 
of injury. The finding of ipsilateral nerve root or brachial 
plexus injury with penetrating cervical trauma should in- 
crease suspicion for vertebral arterial injury. In addition, the 
morbidity related to pharyngoesophageal repair leaks in this 
experience has led us to consider interposing viable muscle 
between carotid and esophageal repairs.” We favor the use 
of pedicled sternocleidomastoid muscle as the tissue inter- 
position for these purposes. 

We now feel that an extended collar incision is the pre- 
ferred exposure for bilateral injuries that result from trans- 
cervical penetrating trauma. This approach may lead to 
improved identification and management of the pharyn- 
goesophageal injuries that are frequently associated with 
this vascular trauma. 

A firm grasp of cervical vascular anatomy as eloquently 
described by Henry” is essential for a favorable outcome 
with this trauma. Surgical approaches to manage these 
injuries have been adequately described in the 
literature. !**!°°* The liberal use of preoperative arteriog- 
raphy can lead to improved injury identification and may 
also facilitate planning of the procedure to treat complex 
cases of combined cervical vascular trauma. 


We thank Mark Katnik for his illustrative support. 
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Pattern and Distribution of Thrombi in 
Acute Venous Thrombosis 


Arie Markel, MD; Richard A. Manzo, CCVT; Robert O. Bergelin, MS; D. Eugene Strandness, Jr, MD 


è The location and extent of thrombosis in the deep venous 
system will determine immediate and long-term outcome. 
During the past 3 years, we have studied by duplex scanning 
833 patients with suspected deep vein thrombosis. In this 
group, 209 patients (25%) had a positive study. The findings 
relative to location and extent of involvement are as follows. 
(1) The right leg was involved in 35% of patients, the left leg 
in 48%. Bilateral involvement was noted in 17%. (2) The 
veins most frequently affected by deep vein thrombosis 
were as follows: superficial femoral in 74%, popliteal in 
73%, common femoral in 58%, posterior tibial in 40%, deep 
femoral in 29%, greater saphenous in 19%, and the inferior 
vena cava in 2%; multisegment involvement was common. 
(3) Total occlusion was present in 82% of the patients with 
deep vein thrombosis, and partial occlusion in 18%. (4) 
Isolated occlusion of single veins was uncommon. (5) The 
proximal (above-knee) area was involved in 95% of the 
cases with deep vein thrombosis, and the calf in 40% of the 
cases. Isolated calf deep vein thrombosis was found in 6% 
of the cases with right leg involvement and in 3% for the left. 
(6) Total leg involvement (iliocaval, femoropopliteal, and 
calf) occurred in 10% of the patients. Our data confirm the 
fallibility of the clinical diagnosis of deep vein thrombosis. 
The frequent involvement of both limbs stresses the impor- 
tance of not examining just the symptomatic limb. Proximal 
venous thrombosis (popliteal to inferior vena cava) is much 
more common than isolated calf vein thrombosis as a cause 
for symptoms and the referral for study. 
(Arch Surg. 1992;127:305-309) 


AE deep vein thrombosis (DVT) may develop at any 
level of the deep venous system from the soleal si- 
nuses in the calf to the iliac veins and inferior vena cava. 
Knowledge concerning the location and extent of involve- 
ment comes from two types of studies. Iodine 125-labeled 
fibrinogen has been used to document the development 
of the disease from its earliest stages. This method has 
clearly shown that the soleal sinuses are the most com- 
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mon site for thrombi to occur early.’ If untreated, most 
of these thrombi will spontaneously lyse, but up to 20% 
will propagate to involve the tibial and popliteal veins. 

Studies that have focused primarily on patients who 
present with symptoms and signs have shown a dramat- 
ically different pattern of distribution. These have basi- 
cally involved the use of venography and in more recent 
years impedance plethysmography. The latter method 
will only detect proximal venous thrombi (popliteal to il- 
iac level), and thus, cannot provide information on the 
status of the veins below the knee.* Venography will de- 
tect thrombi at all levels, and studies done by this method 
have shown a significant incidence of proximal venous 
thrombi, either alone or in combination with involvement 
below the knee.*’ 

It is generally assumed that the major danger of serious 
and occasionally fatal pulmonary emboli occurs when the 
iliofemoral venous segment is involved.*’ It also seems 
that thrombi forming at lower levels pose less of a risk, 
with those occurring below the knee posing little risk.° 

One of the major unanswered questions in this field 
relates to the prospect of a thrombotic episode leading to 
the development of the postthrombotic syndrome. While 
it is known that the two sequelae of acute DVT are resid- 
ual obstruction and subsequent valvular damage, the 
likelihood that this will occur for specific venous segment 
occlusions remains unclear. 

For any diagnostic method to be of value, it will be nec- 
essary to document accurately the location and extent of 
the initial thrombotic event. While venography remains 
the best method for anatomic localization, it is not ideal, 
for reasons that are well understood. The recent applica- 
tion of duplex ultrasonic scanning to this problem has 
provided a new opportunity for clinical research into this 
common problem." 

The purpose of this article is to present our findings in 833 
patients who presented to our vascular laboratory with 
symptoms and signs suggesting the diagnosis of acute DVT. 
All patients were studied by ultrasonic duplex scanning. Of 
this group, 209 patients were found to have thrombosis of 
their deep veins as the cause of their problems. The findings 
in this group of patients will be presented. 


PATIENTS AND METHODS 


Starting in December 1986, all patients referred to the vascu- 
lar laboratory to rule out acute DVT had a duplex scanning study 
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done. A total of 833 patients with a suspected diagnosis of DVT 
were studied up to March 1990. From this group a total of 209 
patients (25%) had a positive study by duplex scanning. These 
data are the basis for the prevalence analysis reported herein. 

Venous duplex examination was performed (Advanced Tech- 
nology Laboratories Ultramark 8 or 9, Bothell, Wash) with the 
patient at 10° to 15° in the reverse Trendelenburg position. The 
common iliac and external iliac veins were imaged with a 3- or 
5-MHz transducer. The common femoral, superficial femoral, 
deep femoral, popliteal, and greater saphenous veins were im- 
aged with a 5- to 7.5-MHz transducer. The superficial femoral 
vein was examined at three locations in the thigh: distal to the 
bifurcation of the common femoral vein, in the midthigh region, 
and at the entrance to the adductor canal. The popliteal vein was 
examined with the patient prone. The posterior tibial veins were 
evaluated in the lower half of the leg with the 10-MHz trans- 
ducer. Pulsed Doppler venous signals were obtained for each of 
the examined veins with a 5-MHz transducer. The inferior vena 
cava was also examined, using a 3-MHz transducer. No attempts 
were made to image routinely either the anterior tibial veins or 
the peroneal veins. Imaging of the anterior tibial and peroneal 
veins is difficult with standard duplex scanning. Perhaps with 
the availability of color Doppler, this may become more feasible. 
At the time of these studies, color was not being used routinely 
in our laboratory. 

All veins were examined in the longitudinal scan plane for the 
presence of thrombi. The pulsed Doppler was used to determine 
the presence of spontaneous flow, phasicity of flow with respi- 
ration, augmentation of flow with distal compression, augmen- 
tation of flow with release of proximal compression or release of 
Valsalva, and reversal of flow (reflux) with proximal compres- 
sion or Valsalva. The veins were then examined in the transverse 
scan plane for compressibility with probe pressure. 

The results of the duplex study were placed into the following 
categories: normal (negative), abnormal (positive), or inconclu- 
sive. The duplex scan was considered positive for DVT in a par- 
ticular venous segment when some or all of the following 
features were present: a thrombus was visualized, the vein was 
not completely compressible, flow was absent, and phasicity of 
venous flow with respiration was absent. There were two 
exceptions to these criteria. First, compressibility could not be 
used for the inferior vena cava, common iliac, or superficial 
femoral vein as it enters Hunter’s canal. In most patients, the 
veins in these locations cannot be compressed consistently even 
when they are normal. Second, absence of spontaneous flow in 
the posterior tibial veins is too variable to be used as a criterion. 
For the posterior tibial veins, a positive test was absence of flow 
after distal augmentation. If the study was not clearly shown to 
be normal or abnormal, it was considered inconclusive. 

If the vein did not have detectable flow at the site of the 
thrombus, it was considered totally occluded. Partial obstruction 
was noted if flow could be detected around a thrombus. The 
findings were summarized for each one of the veins and for the 
different segments in each leg. Results of the duplex scanning for 
each one of the legs were also included. Total obstruction in the 
examined leg was defined as the presence of a completely 
occluding thrombus in one or more segments of that limb; if only 
partially occluding thrombi were present, a diagnosis of partial 
obstruction was made. The term above-knee includes the popliteal 
vein and proximal segments; below-knee refers to involvement of 
the posterior tibial vein. 

The data were stored on a microcomputer using the SPSS data 
entry program. Analysis of the data was done using the SPSS/PC 
statistical package. Comparison of mean ages was done by Stu- 
dent's t test. Point estimates of prevalence of DVT were evalu- 
ated using two-tailed confidence intervals. 


RESULTS 


A total of 833 patients were referred for study to rule out 
the presence of acute DVT. In this group were 52 patients 
with chronic venous symptoms who suffered an acute 
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Table 1.—Age and Sex of Patients in Study* 


Patients With DVT 
eran, 


Age, y 
pae N 
No. (%) Mean+SD Range No. (%) Mean+SD Range 


394 (47) 53+18 7-89 113 (54) 52+18 10-89 
439 (53) 53+18 4-100 96 (46) 52+ 19 4-88 
Total 333 (100) 53+18 4-100 209(100) 52+18 4-89 


Total Population 


Age, y 









Table 2.—Relative Prevalence of Total and Partial 
Obstruction in Studied Patients With DVT (n=209)* 


Total Obstruction, Partial Obstruction, Total 
No. (%) No. (%) No. 


87 (81) 21 (19) 
108 (79) 28 (21) 



























*DVT ndicates deep vein thrombosis. Percentages refer to the 
total number of positive cases for each leg (includes patients with 
bilateral DVT). 


episode, and 781 patients who presented for the first time 
with venous problems. From the 833 patients, 209 (25%) 
had a positive study by duplex scanning; 588 (71%) of the 
patients had a negative study; and in 36 patients (4%), the 
study was inconclusive. 

The age and sex of the patients are given in Table 1. No 
differerces were noted in the mean age of the patients 
with a positive and negative duplex scan. Distribution by 
sex shcwed a slight preponderance of women. On the 
other hand, a greater number of male patients had a pos- 
itive duplex study (P<.05). For the analysis of the data, 
the following was noted. 


Involvement by Limb 


In these patients with a positive study, the right leg was 
affectec in 73 (35%) as compared with 101 cases (48%) in- 
volving the left (P<.05); 35 patients (17%) had bilateral leg 
involvement. 


Partial or Complete Obstruction 


Total venous obstruction was present in 171 patients 
(82%). “he prevalence of partial obstruction was surpris- 
ingly hizh, being present in 18% of the cases. Table 2 gives 
the dist-ibution of partial or total obstruction according to 
the leg side. 

The prevalence of partial obstruction remained high 
even after excluding cases with previous DVT or previous 
symptoms suggesting venous insufficiency: 11 (15%) of 73 
for the sight leg and 13 (16%) of 82 for the left. 


Segments Occluded 


For the purposes of this study, the following are desig- 
nated as separate venous segments: (1) inferior vena cava; 
(2) common iliac vein; (3) external iliac vein; (4) common 
femoral vein; (5) superficial femoral vein; (6) deep femo- 
ral vein: (7) popliteal vein; and (8) posterior tibial veins. 


Segments Involved 


Table3 gives the results of the duplex study for each one 
of the veins in either leg. For each side, the superficial 
femoral vein (including proximal, mid, and distal seg- 
ments) and the popliteal vein were the vessels most fre- 
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Table 3.—Number of Limbs With Total 
or Partial Obstruction* 


R Leg 
Partial 









L Leg 
Partial 











Vein Affected Total Total 





*CIV indicates common iliac vein; EIV, external iliac vein; CFV, 
common femoral vein; 5FV, superficial femoral vein (includes 
proximal, mid, and distal segments); PFV, deep femoral vein; Pop, 
popliteal vein; PTV1 and PTV2, posterior tibial veins; and GSV, 
greater saphenous vein. Values include bilateral cases. 


20 (10) 2 (1) 
55 (26) 4 (2) 


22 (11) 
59 (28) 
121 (58) 
154 (74) 
60 (28) 
142 (73) 


106 (51) 15 (7) 
131 (63) 23 (11) 
51 (24) 9 (4) 
133 (64) 19 (9) 
77 (37) 7 (3) 84 (40) 
35 (17) 4 (2) 39 (19) 


*DVT indicates deep vein thrombosis; other abbreviations are as 
in Table 3. Both posterior tibial veins in each leg are considered to- 
gether. Values are number (percent); percentages refer to total 
number of patients with DVT. 


quently affected. Partial obstruction was more frequent in 
the left leg than in the right. When combining the results 
in both legs for each one of the patients, the results were 
also similar (Table 4). The inferior vena cava was affected 
in only four cases (2%), and in each case a partial obstruc- 
tion was present. The greater saphenous vein was in- 
volved in 19% of the patients with DVT. 


Isolated Involvement 


Isolated involvement of a single segment was unusual. 
As noted in Table 5, the popliteal vein was the most fre- 
quently affected alone. The external iliac and deep femo- 
ral veins were never involved alone. The common iliac 
vein was singly involved in only one case. 


Combination of Segments 


Occlusion of the common femoral, superficial femoral, 
and popliteal veins in combination was most frequent in 
the right leg (37%) and in the left leg (31%; Table 6). 
Thrombosis of the inferior vena cava in conjunction with 
the common iliac vein was found in one case. No 
instances of thrombosis of the iliac veins were associated 
with involvement of the calf veins. 
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Table 5.—Isolated DVT in Different Veins 
of Both Legs* 


Vein Affected 


*DVT indicates deep vein thrombosis; other abbreviations are as 
in Table 3. Both posterior tibial veins in each leg are considered to- 
gether. IVC indicates inferior vena cava. 


Table 6.—Isolated DVT, Combination Patterns* = 
R (n=108), L (n=136), 

No. (%) No. (%) 

24 (22) 27 (19) 

30 (27) 25 (18) 

11 (10) 19 (14) 
Popliteal + SFV + CFV 41 (37) 43 (31) 


*DVT indicates deep vein thrombosis; SFV, superficial femoral 
vein; and CFV, common femoral vein. 


Vein Combination 


Popliteal + calf veins 
Popliteal + SFV 
SFV + CFV 





Table 7.—Segment Involved by DVT in 209 Patients* 








Unilateral, Bilateral, Total, 
Segment No. (%) No. (%) No. (%) 
Proximal (above knee) 170 (81) 31 (141) 200 (95) 


Distal (below knee) 77 (37) 7 (3) 84 (40) 








*DVT indicates deep vein thrombosis. 


Proximal vs Distal Involvement 


When considering a distal (below-knee) or a proximal 
(popliteal to iliocaval system) presentation, the above- 
knee area was involved in 95% of the cases with DVT, and 
the calf in 40% of the cases (Table 7). The relative distri- 
bution of thrombi by legs is shown in Fig 1. 

Isolated right calf vein thrombosis was found in seven 
(6%) of 108 cases with right leg involvement. Isolated left 
calf vein thrombosis was present in four (3%) of 136 cases 
with left-sided DVT. Proximal thrombosis alone was 
present in 69 (64%) of the 108 cases with thrombi in the 
right leg and 84 (62%) of 136 with left-leg DVT. In the 
whole population, isolated distal (calf) DVT was present 
in 5% of the patients. Isolated proximal DVT was present 
in 60% of the patients (Fig 2). 

In 10% of the cases, total leg thrombosis was found. 
This was defined as contiguous thrombi extending from 
the calf veins to the iliac veins. 


COMMENT 


The therapy provided patients with acute DVT will de- 
pend on the location and extent of the thrombotic 
involvement. The goal of the therapy is to prevent prop- 
agation of the thrombus, forestall the development of 
pulmonary embolism, and minimize the likelihood of 
later complications. The extent to which this is successful 
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% of All Legs With Deep Vein Thrombosis 


R Leg L Leg 


Fig 1.—Relative proportion of involvement of the proximal (above- 
knee, solid bars) and distal (below-knee, hatched bars) areas foreach 
leg. Percentages refer to the total number of legs with deep vein 
thrombosis at each side (right leg, 108; left leg, 136). The numbers 
over the bars represent the total number of legs where the specific 
segment (proximal or distal) was involved. 





Fig 2.—/solated involvement of proximal (above-knee, shaded area) 
or distal (below-knee, open area) areas by deep vein thrombosis; 
combined above- and below-knee involvement is indicated by solid 
area. The percentages are related to the total number of patients 
studied (n=209). 


will depend on many factors that are difficult to predict at 
the time the patient is first seen. For example, there is 
conclusive evidence that spontaneous lysis of thrombi can 
occur, but its extent is unpredictable.'’ The extent to 
which valvular function can and will be preserved is also 
uncertain, but there is evidence that approximately one 
third of the patients with an episode of acute DVT will not 
have further problems.” 

In this cross-sectional analysis, only 25% of the patients 
referred for study were found to have acute DVT. This 
again underlines the difficulty physicians face when pa- 
tients present with symptoms and signs that are sugges- 
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tive of the disorder.'* While it is difficult to know how the 
patients without DVT might have been handled without 
the availability of duplex scanning, many were undoubt- 
edly spared the potential risks of anticoagulant therapy. 

The left leg was significantly more frequently affected 
than the right in our study, and the same was found for 
specific veins and venous segments (Tables 2 and 3). It has 
been known for a considerable time that thrombosis tends 
to occur more frequently in the left leg than in the right. 
One factor that may contribute to this is the compression 
of the left common iliac vein by the right common iliac ar- 
tery. Changes in the left iliac vein itself have been 
described in necropsy studies, further supporting this as 
a potential site for the development of acute DVT.'® 

A significant proportion of patients in our study (17%) 
had bilateral disease, confirming previous clinical!” and 
necropsy’ results demonstrating the high prevalence of 
bilateral DVT. This further emphasizes the necessity of 
doing bilateral studies when the patient presents with 
unilateral symptoms alone. 

Our study shows that partial venous obstruction is 
common (Table 3). This finding is explained in part by the 
fact that acute DVT is often an extensive process, with 
some areas totally occluded while others are partially ob- 
structed. In the patient population with DVT (n= 209), 
82% had one or both legs with total occlusion, and 18% 
of the patients had only partial obstruction. If we exclude 
those patients with chronic symptoms and those with a 
history of DVT, a significant number of patients will still 
show partial obstruction by our criteria. As we follow up 
the patients with partial venous obstruction, it will be in- 
teresting to determine if the incidence of the postthrom- 
botic syndrome is lower than in the group with total ob- 
struction. It also raises the question concerning the 
possible role of fibrinolysis for this subset of patients. 

The popliteal and superficial femoral were the veins 
most commonly involved (Tables 3 and 4). A high 
frequency of femoropopliteal thrombi has been described 
in some anatomopathological studies.’ A recently pub- 
lished study using duplex scanning found a distribution 
similar to ours, with the popliteal and superficial femoral 
veins being the most frequently affected veins.” 

Another important finding is that isolated occlusion of 
single veins is uncommon (Table 5). The most commonly 
occluded in the right and left legs was the popliteal vein. 
Perhaps this higher prevalence may be explained by 
thrombi developing in the popliteal venous valve with 
progression to total occlusion of that segment. When 
long-term follow-up data are available, it will be interest- 
ing to determine if their prognosis is better than that of 
those with more extensive thrombosis. Whereas a signif- 
icant number of cases involved the external iliac and deep 
femoral veins (Tables 3 and 4), these veins were never af- 
fected alone. In one case, the common iliac vein was the 
only vein affected, as was the inferior vena cava in 
another. 

Surprisingly, only 11 limbs (5%) had thrombi confined 
to the below-knee venous segment. This low number may 
have been due to the fact that only the posterior tibial 
veins were examined routinely. The possibility exists that 
some patients had isolated thrombi present in the pero- 
neal or anterior tibial veins, which were usually not 
examined in this study. It is known that thrombosis of the 
anterior tibial and peroneal veins is uncommon. 18?! 

Seventy-three limbs (35%) had occlusion of the poste- 
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rior tibial veins in addition to involvement above the knee. 
However, 125 limbs (60%) with thrombi were confined to 
the major proximal veins (popliteal to inferior vena cava). 
This is evidence that thrombi can certainly occur de novo 
in venous segments above the knee that are not simply 
extensions of the process from the soleal sinuses. 

Finally, what does this information tell us about the 
potential therapy thatmay be applied when these patients 
are first seen? While it is difficult to be dogmatic about this 
matter, certain points:can be made. (1) The proximal veins 
were the most frequently affected; anticoagulation is in- 
dicated in this group. (2) Isolated below-knee disease will 
be found in about 5% of the patients with symptomatic 
DVT. The major risk among these patients is for propa- 
gation, which may occur in about 20% of the cases.” In 
this group, the therapeutic alternatives are either antico- 
agulation or close monitoring with duplex scanning, 
instituting therapy when propagation to more proximal 
levels occurs. (3) Incomplete occlusion is not uncommon, 
being found in 18% of patients. (4) Thrombosis of adjacent 
named venous segments is the most common pattern 
seen. It would seem that it is this group of patients in 
which the future outcome is the least certain because of 
the more extensive involvement. 


This study was supported by grant HL-36095 from the National 
Institutes of Health, Bethesda, Md. 
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ARCHIVES OF INTERNAL MEDICINE 
Physicians’ Attitudes, Beliefs, and Practices Regarding AIDS Health 


Care Promotion 


Leonard H. Calabrese, DO; Dennis M. Kelley, RN; 


Robert J. Cullen, PhD; Geri Locker 


While there is now evidence that health-promoting education can be effective at 
reducing transmission of human immunodeficiency virus (HIV) infection, little is 
known of the role of the practicing physician in this process. We have surveyed 
301 practicing physicians in Northeastern Ohio over a 2-year period and we have 
assessed their attitudes, beliefs, and practices regarding preventive education with 
particular reference to HIV. We have found that while the majority of physicians 
believe strongly that HIV prevention is important and that physicians should play 
a prominent role in education, the incorporation of such measures in their practice 
lags far behind other areas of health prevention. Positive educational behavior was 
correlated with direct experience with HIV-infected patients and postgraduate ed- 
ucation on HIV infection. (Arch Intern Med. 1991;151:1157-1160). 


Reprint requests to the Section of Clinical Immunology, Department of Rheumatic and Im- 
munologic Disease, The Cleveland Clinic Foundation, 9500 Euclid Ave, Cleveland, OH 
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Postoperative Pulmonary Embolism After 
Hospital Discharge 


An Underestimated Risk 


Olivier Huber, MD; Henri Bounameaux, MD; Francois Borst, MD; Adrien Rohner, MD 


è During a 10-year period (1980 through 1989), 28953 
patients were admitted to our Clinic of Digestive Surgery, 
Geneva, Switzerland. Two thirds of them were operated on, 
and one third were treated conservatively. Symptomatic 
pulmonary embolism (PE) was recorded in 90 patients 
(0.31%; 95% confidence interval, 0.25% to 0.38%) during 
their hospital stay. Within 30 days of hospital discharge, 29 
patients were readmitted because of PE (incidence of 
delayed PE, 0.10%; 95% confidence interval, 0.07% to 
0.14%; total incidence of PE, 0.41%; 95% confidence 
interval, 0.34% to 0.49%). In the operated-on group, the 
delayed embolic events occurred a median of 6 days (range, 
2 to 25 days) after discharge and 18 days (range, 6 to 35 
days) after surgery. Delayed PEs were more frequent after 
so-called low-risk surgery. Thus, the rate of postoperative PE 
increased by 30% when PEs occurring within 30 days of 
hospital discharge were considered, and this provides a 
useful basis for prolonged prophylactic measures after hos- 
pital stay. 
(Arch Surg. 1992;127:310-313) 


fter a recent meta-analysis of more than 5000 patients,’ 
symptomatic pulmonary embolism (PE) was found 

to occur in 1.6% of patients after general surgery if no 
prophylaxis is used. This rate can be reduced by two 
thirds by the administration of subcutaneous low-dose 
heparin.'* These figures were calculated from in-hospital 
incidences of postoperative PE. While prophylactic regi- 
mens are usually stopped at discharge, it has been 
suggested that the risk of developing thromboembolic 
events after surgery might extend beyond the hospital 
stay; in a series of 57 patients, isotopic deep venous 
thrombosis was detected in six patients during the hospi- 
tal stay and in as many as 13 of the remaining subjects 
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during the 6 weeks of follow-up.’ All but two of these de- 
layed thromboses were recorded in the first 10 days after 
discharge. 

This observation prompted us to screen all computer- 
ized charts of the patients admitted to the Clinic of Diges- 
tive Surgery at our institution during a 10-year period 
(1980 through 1989) for possible readmission within 30 
days after discharge, to estimate the incidence of PE dur- 
ing and after hospital stay in that population. Such an es- 
timaticn is of crucial importance in view of the general 
tendency toward reducing the duration of hospital stay 
and the consequent potential need for prolonged, ambu- 
latory prophylaxis. 


PATIENTS AND METHODS 


During the period from January 1, 1980 through December 31, 
1989, a total of 28 953 patients were admitted to the Clinic of Di- 
gestive Surgery of the University Hospital of Geneva (Switzer- 
land). Of these patients, 19161 underwent surgery, and the re- 
maining 9792 were treated conservatively. The charts of these 
patients were screened for PE during the hospital stay (hereaf- 
ter referred to as “in-hospital PE”) and for possible readmission 
because of PE within 30 days after discharge (“after-discharge 
PE”), from a computerized central database that is described in 
detail elsewhere.* It is unlikely for patients to have been 
readmitted to another hospital so soon after surgery performed 
in the University Hospital, for two main reasons: (1) the Univer- 
sity Hospital is the only public medical institution in the region 
of Geneva (300 000 inhabitants) and (2) the Swiss medical insur- 
ance system implies that patients without private insurance 
coverage have to support a substantial part of the costs gener- 
ated by medical care provided in a private hospital. Thus, it is 
probable that our survey detected all patients who were rehos- 
pitalized within 1 month after their initial discharge from the 
Clinic of Digestive Surgery. 

The ciagnosis of PE was accepted if (1) it was confirmed by 
high-probability ventilation-perfusion scintigraphy, positive 
pulmonary angiography, or autopsy findings and (2) specific 
treatment was initiated or planned. The latter criterion was de- 
signed to exclude from analysis the five patients with end-stage 
cancer receiving only palliative treatment in whom prophylaxis 
was resumed and PE was a terminal event. In the case of recur- 
rent embolic events, the patient was counted only once. 

During the study period, all operated-on patients were given 
established prophylaxis: either subcutaneous low-dose heparin 
(5000 IU twice or three times daily) and/or elastic stockings 
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Fig 1.—Age distribution of the patients with pulmonary embolism 
(PE) according to in-hospital or after-discharge occurrence of PE. 


(stockings-only prophylaxis in a few very-low-risk subjects, 
representing approximately 2% of the whole population). Pro- 
phylaxis was not used systematically in the patients who were 
not operated on, as commonly recommended. In all cases, pro- 
phylaxis was stopped at discharge and when the patient was able 
to walk for at least 30 minutes per day. All patients were 
encouraged to walk as much as possible. Incidences of embolic 
events were expressed along with their 95% confidence intervals 
(CIs), which were computed by the exact method using the F 
distribution. Odds ratios were computed with StatXact, with 
Mantel-Haenszel conficence intervals.° Risk factors were com- 
pared between groups by bilateral Fisher’s Exact Test. 


RESULTS 
In-Hospital PE 


Among the 28 953 patients admitted to the Clinic of Di- 
gestive Surgery during the 10-year period, 90 PEs (0.31%; 
95% CI, 0.25% to 0.38%) were observed during the hos- 
pital stay. The diagnosis of PE was based on high- 
probability ventilation-perfusion lung scintigraphy 
(n=56 [62%]), positive pulmonary angiography (n=17 
[19%]), or autopsy findings (n= 17 [19%]). The rate of PE 
was significantly higher (odds ratio, 4.1%; 95% CI, 2.1 to 
7.9) among the patients who underwent surgery (80/ 
19161 [0.42%]; 95% CI, 0.33% to 0.52%) than in the 
patients who were treated conservatively (10/9792 
[0.10%]; 95% CI, 0.05% to 0.19%). The PE was fatal in 18 
cases (20% of all PEs; 95% CI, 12% to 30%), which gave 
a risk of fatal PE of 0.06% (95% CI, 0.04% to 0.10%) in the 
population studied. 

The risk of PE was definitely related to age (Fig 1), to the 
type of surgery performed (Table 1 and Fig 2), and to the 
diagnosis of cancer (Table 2). Briefly, extensive surgery 
(colorectal, hepatopancreatic, gastric, and small-bowel 
surgery) and malignant neoplasms were associated with 
a much higher risk of postoperative PE than benign op- 
erations, such as anal surgery, appendectomy, or hernia 
surgery. In the operated-on group, most of the in-hospital 
PEs (71 of 80) occurred in the first 2 weeks after operation 
(Fig 3). 
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Fig 2.— Incidence of pulmonary embolism (PE) according to surgery. 
The 0.54% incidence (broken line) represents the mean incidence 
among the operated-on patients. 
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Fig 3.— Delay between operation and pulmonary embolism (PE) for 
the in-hospital events and the events occurring after discharge. 


After-Discharge PE 


Twenty-nine patients (24 after surgery and five after 
conservative treatment) were readmitted within 30 days 
of discharge because of PE, two of them being fatal. The 
diagnosis of PE was based on high-probability ventilation- 
perfusion lung scintigraphy (n=21 [72%]), positive pul- 
monary angiography (n=6 [21%]), or autopsy findings 
(n=2 [7%]). None of these patients had shown any sign 
or symptom of venous thromboembolism before dis- 
charge. The age distribution of these patients was similar 
to that of the patients with in-hospital PE (Fig 1). Five of 
them were younger than 40 years old, and eight were 
younger than 50 years old. Moreover, in 11 cases no other 
risk factor was present except previous surgery. One ad- 
ditional risk factor was present in 17 patients, and only 
one subject was at high risk. 

Thus, the risk of delayed postoperative PE was 0.13% 
(95% CI, 0.08% to 0.19%) in our series, which gives an 
overall risk of PE (in-hospital+after-discharge PE) of 
0.54% (95% CI, 0.44% to 0.66%). In the nonoperated-on 
group, the risk of delayed PE was 0.05% (95% CI, 0.02% 
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to 0.12%), with an overall risk of PE of 0.15% (95% CI, 
0.09% to 0.25%). 

The median delay between hospital discharge and de- 
layed PE was 7 days (range, 2 to 28 days) for the whole 
group. In the operated-on group, the median delay 
between the day of surgery and the delayed PE was 18 
days (range, 6 to 35 days), the median delay between 
hospital discharge and PE being 6 days (range, 2 to 25 
days). 

The contribution of after-discharge events to the total 
risk of PE was unevenly distributed with regard to the 
type of surgery; it was low after so-called high-risk oper- 
ations but contributed seriously to the total risk of PE af- 
ter benign operations (Fig 2). Similarly, in patients with 
cancer, after-discharge PEs represented only a small pro- 
portion (about 5%) of total risk (Table 2). 

Indeed, the overall incidence of PE was 50% higher af- 
ter stripping of varicose veins or biliary surgery, more 
than doubled after herniotomy, and even tripled after 
appendectomy. On the whole, the risk of postoperative 
PE was increased by 30% when the delayed events were 
taken into account. The corresponding figure in the 
nonoperated-on group was as high as 50%. 
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1.69-3.15 
0.27-0.46 
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1.36-2.43 
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In-Hospital vs After-Discharge PEs 


Table 3 summarizes some characteristics of the patients 
who presented with PE during the hospital phase and af- 
ter discharge. No difference was noted between these two 
groups with regard to age, obesity, and history of previ- 
ous thromboembolism. Prolonged hospital stay before 
operation (>4 days) and cancer were significantly associ- 
ated with in-hospital PE. 


COMMENT 


Pulmonary embolism is a rare but serious complication 
of surgery and immobilization. Our retrospective study of 
a large number of patients supports an overall incidence 
of symptomatic in-hospital PE of 0.42% (95% CI, 0.33% to 
0.52%) among patients undergoing general surgery, 
which is close to the figure of 0.52% reported in Clagett 
and Reisch’s' meta-analysis in patients receiving prophy- 
laxis. Qur data also confirm that the total risk of PE is sig- 
nificantly greater among operated-on patients than 
among patients who were treated conservatively (odds 
ratio, 3.4; 95% CI, 2.0 to 6.4) as well as in cases of malig- 
nant neoplasm (odds ratio, 6.8; 95% CI, 4.7 to 9.8). 
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However, the most striking finding of this survey is that 
about one fourth (24/104) of all postoperative PEs occur af- 
ter hospital discharge. This rate is even greater in the sub- 
groups of patients undergoing so-called low-risk surgery. 
Moreover, these figures can only be underestimated, be- 
cause some late events might have been missed in our sur- 
vey, especially those resulting in sudden death at home. 
Few data are available in the literature concerning the in- 
cidence of postoperative thromboembolism after hospital 
discharge. Clarke-Pearson et al’ reported contradictory 
rates of delayed deep venous thromboses in two consec- 
utive studies in patients with gynecologic cancer; ina first, 
retrospective trial, 10 (45%) of 22 thromboses were ob- 
served after discharge, whereas only two (3%) of 63 were 
of this type in a subsequent, prospective study.’ In the 
small study by Scurr et al? after major surgery, isotopic 
venous thrombosis was twice as frequent after discharge 
than during the hospital stay. Thus, previous estimations 
of the proportion of delayed venous thromboembolism are 
based on small samples and range from 3% to 68% of the 
total incidence. Our estimation of a proportion of at least 
23% of delayed PEs among all postoperative PEs is derived 
from a study of more than 19000 patients who underwent 
general (mostly digestive) surgery during a 10-year period 
and who were systematically screened for readmission 
within 30 days after hospital discharge. We thus assume 
that this figure is more likely to fit with the real incidence 
of this underestimated complication than do the previous 
ones. 
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Indeed, many of the risk factors for developing venous 
thromboembolism in the hospital persist or are even in- 
creased after discharge; some patients who are stimulated 
to walk during the hospital stay may become confined to 
bed on returning home. 

Although this study does not allow a definite conclu- 
sion to be drawn regarding the necessity of continuing 
prophylactic regimens after hospital discharge, it clearly 
establishes a minimal value for the risk of delayed PE in 
a general surgical population and suggests that sub- 
groups of patients (perhaps those with short hospital 
stays and low-risk operations) might benefit from an am- 
bulatory prolongation of preventive measures, such as 
the wearing of graded elastic stockings’ or one daily sub- 
cutaneous injection of a low-molecular-weight heparin.” 
This, however, needs to be assessed in a prospective, 
controlled trial before any definitive recommendations 
can be given. 


We are indebted to A.F. Muller, MD, and F. Waldvogel, MD, 
for permission to examine the charts of the patients who were 
readmitted to the Medical Clinics of our institution, as well as to 
R. Bourdilloud and B. Mermillod, BSc, for help in the manage- 
ment of the computerized charts and statistical analysis of the 
data, respectively. 
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The Henry Operation for Incarcerated and 
Strangulated Femoral Hernias 


Stanley D. Berliner, MD; Leonard C. Burson, MD; Leslie Wise, MD 


© Selection of a subinguinal, inguinal, or preperitoneal ap- 
proach permits the surgeon flexibility in managing femoral her- 
nias. A 20-year experience is reviewed, with 44 incarcerated 
or strangulated femoral hernias corrected using the preperito- 
neal Henry operation. It is an effective and safe method of re- 
pair. Examination of the contralateral side revealed an unsus- 
pected femoral hernia in seven (16%) of the cases. 
(Arch Surg. 1992;127:314-316) 


F emoral hernia in the adultis an acquired disease. The dis- 

tal opening of the cone-shaped defect is rigid and un- 
yielding, which promotes entrapment of preperitoneal and 
intraperitoneal structures. Although less than 5% of groin 
hernias are femoral, 21% of preoperatively diagnosed fem- 
oral hernias require emergency surgery for incarceration or 
strangulation.’ The preperitoneal approach described by 
Cheatle* and Henry’ is our method of choice in these cases. 


PATIENTS AND METHODS 


During the 20-year period between 1960 and 1980 we per- 
formed 44 emergency femoral hernia repairs using the Henry 
operation. Thirty-three (75%) of these operations were for incar- 
ceration and 11 (25%) were for strangulation. Much of the ma- 
terial was accumulated during our tenure as surgical consultants 
to a large state mental institution. Thirty-eight (86%) of the 44 
cases occurred in multiparous women, three occurred in nulli- 
parous women, and three occurred in men. The mean age of pa- 
tients was 69 years, with a range from 48 to 94 years. 


Surgical Anatomy 


The pathogenesis of all groin hernias depends on the integrity 
of the transversus abdominis aponeurosis and its investing 
sheath of transversalis fascia. We call this the TF/TAA layer. 
There is still disagreement in the literature concerning the anat- 
omy of femoral hernias. Surgical anatomy, particularly with re- 
gard to the lacunar ligament, may not be the same as the anat- 
omy viewed in autopsy material and in fixed cadavers. 
Condon’s* descriptions clarify the situation well. 

A femoral hernia depends on the configuration of the pelvis 
and on the mode of insertion of the fibers of the transversus ab- 
dominis aponeurosis (TAA) on the superior pubic ramus. These 
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fibers usually attach along a broad area on the pectineal 
eminence of the pubis and become contiguous with Cooper's 
ligament. If TAA fibers insert on the pubis as a narrow band, a 
cone-shaped defect will result. The iliopubic tract condensation 
of transversalis fascia (TF) is its anterior and medial surface. 
Cooper’s ligament is its posterior aspect. The femoral vein 
defines its lateral margin (Fig 1). 

An enlarged femoral defect containing some fatty tissue and 
a lymph node is often visualized when the pelvis is explored 
preperiteneally. This is a normal anatomic variant. It is a prereq- 
uisite for the development of a femoral hernia. The recess can 
only be visualized from the anterior approach if the posterior 
wall is incised and the region adjacent to Cooper’s ligament is 
exposed. With increased intra-abdominal pressure, preperito- 
neal fat with or without a peritoneal sac protrudes into the fem- 
oral cone. This is a stage 1 femoral precursor, which is an 
asymptomatic internal hernia. 

A clinically detectable stage 2 femoral hernia occurs when the 
contents within the femoral cone protrude beyond its narrow 
and rigid distal opening. It often becomes irreducible. Incarcer- 
ation or strangulation may result. 


Surgical Technique 


With the surgeon on the contralateral side, a midline incision is 
made from the umbilicus to the pubis. This permits more rapid ac- 
cess to the preperitoneal space than does a Pfannenstiel incision. 
The patient is placed in a mild Trendelenberg position, and the ex- 
ternal iliac vessels are exposed with blunt dissection. The medial 
margin of the transversus abdominis and iliopubic tract band is in- 
cised to release the incarcerated mass. This constricting band ap- 
pears to be the lacunar ligament when viewed from the anterior ap- 
proach. From the preperitoneal perspective, the surgical anatomy 
is better appreciated. Although the lacunar insertion of the inguinal 
ligament en the pubis can abut against the anterior and medial sur- 
face of an enlarged femoral cone, it is not an integral part of it. 

The hernia is reduced with gentle traction (Fig 2). If necessary, 
the peritoneum is opened and nonviable bowel is isolated and 
resected. With a finger protecting the external iliac vein, the de- 
fect is closed with two or three sutures of an O-monofilament 
polypropylene approximating Cooper's ligament and iliopubic 
tract (Fig 3). A large defect may require the insertion of mesh. 
The surgeon changes sides and the opposite region is explored. 
If an unsuspected stage 1 or stage 2 femoral hernia is present, it 
is a simple task to repair it. 


RESULTS 


Thirty-eight (86%) of the 44 cases occurred in multipa- 
rous women. This included three patients with an ac- 
quired megacolon and lends credence to the significance 
of increased intra-abdominal pressure in the pathogene- 
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Fig 1.— The inguinal and iacunar ligaments have been removed to 
demonstrate the conflueace of the transversalis fascia and trans- 
versus abdominis layer as diopubic tract and Cooper’s ligament. The 
sites of a stage 1 precursor and a stage 2 clinical femoral hernia are 
labeled (reproduced with permission from Surg Gynecol Obstet. 
1990; 171:113). 





Fig 2.— The medial margir of the constricting iliopubic tract band is 
incised (A) and the hernia is reduced with gentle traction (repro- 
duced with permission from Hernia. 3rd ed. Philadelphia, Pa: JB 
Lippincott; 1989). 


sis of femoral hernias. Eleven (25%) of the 44 patients re- 
quired a small-bowel resection. The 25% incidence may 
have been influenced by a delay in diagnosis in some of 
the institutionalized patients. Two of the resections were 
‘hernias of the Richter’s variety. Four incarcerated hernias 
had early compromise of the bowel, which did not require 
a resection. Seven patients (16%) had unsuspected con- 
tralateral femoral hernias. Inhalation anesthesia was used 
in 40 patients and spinal in four patients. 

There were no deaths in this series. One patient with 
a pulmonary embolus was successfully treated with 
short-term anticoagulants; another patient with an ac- 
quired megacolon required 5 days of nasogastric suction 
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Fig 3.— The defect is repaired with two or three nonabsorbable su- 
tures approximating iliopubic tract above and Cooper's ligament 
below (reproduced with permission from Hernia. 3rd ed. Philadel- 
phia, Pa: JB Lippincott; 1989). 


for an ileus. In the remaining 10 bowel resections, the na- 
sogastric tube was removed in 36 to 48 hours. 

All 44 patients were followed up from 12 to 240 months, 
for a total (+SD) follow-up of 3336 (+81.0) months. The 
mean follow-up time was 75.8 months. No patients were 
unavailable for follow-up and there were no femoral re- 
currences. Two women presented 12 and 16 months after 
surgery with indirect inguinal hernias that were either 
missed at the time of surgery or developed subsequently. 
No incisional hernias developed during the follow-up 
period. Six patients died of unrelated causes without 
femoral recurrence. 


COMMENT 


Alfred Iason’s 1300-page treatise’ on hernia published 
in 1941 details 48 operative techniques designed to correct 
femoral hernias. In addition to the inguinal approach, 
these include the pectineus plug of Cheyne in 1883, the 
infrainguinal operation of Bassini in 1894, the Cooper's 
ligament repair of Lotheissen in 1898, and the more mod- 
ern preperitoneal approaches of Cheatle and Henry in 
1920 and 1936. The variety of operations allows the sur- 
geon flexibility in treatment. Our selection of the inguinal, 
subinguinal, or preperitoneal approach is determined by 
the mode of presentation of the hernia. 

We repaira reducible femoral hernia using the inguinal ap- 
proach and an irreducible femoral hernia via the subinguinal 
approach. Both can be performed with local anesthesia in an 
ambulatory setting with monitoring by an anesthesiologist. 
In our experience, Lichtenstein and Shore’s® adaptation of 
Cheyne’s plug technique works well for most reducible fem- 
oral hernias. Using the inguinal approach, an inguinal her- 
nia, if present, can also be corrected. We found an unsus- 
pected indirect inguinal hernia in six (13%) of 46 women op- 
erated on for a reducible femoral hernia.' 

We prefer the subinguinal approach for irreducible 
femoral hernias that are not incarcerated or strangulated. 
These hernias may have been present for weeks or longer 
and have been mistaken for a lymph gland, tumor, 
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thrombosed varix, or lipoma. The ligated stumps of 
preperitoneal fat and hernia sac act as a plug, and the de- 
fect is closed with several sutures approximating the un- 
dersurface of the inguinal ligament to the pectineus fas- 
cia. The operation is fast and simple; however, a 
coexisting indirect inguinal hernia will not be detected. 

If emergency surgery is necessary for incarceration or 
strangulation, the Henry preperitoneal approach is our 
method of choice. This cannot be performed with local 
anesthesia. The area of disease is reached rapidly and vi- 
sualization of the distal constricting femoral cone is 
superb. Bowel resection can be performed with good ex- 
posure, and the external iliac vein and any aberrant obtu- 
rator vessels are easily protected from injury during the 
repair. 

Arnold K. Henry, a Cairo surgeon, described his devel- 
opment of the technique as a “marriage of observation upon 
accident.” This phrase was borrowed from Rudyard Kipling 
in Kipling’s address on advances in surgery before the En- 


glish Royal College in 1923.’ The “accident” was the infes- 
tation of flukeworm parasitosis in Egypt, which produced di- 
stal ureteral strictures and stones. Henry developed the op- 
eration to deal with this juxtavesical disease. In 1936, he used 


the approach successfully in a young woman with bilateral 
femora hernias. 
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Invited Commentary 


This is an intriguing report that will send surgeons scurry- 
ing to review yellowed anatomical reports of the past. It is a 
striking personal series of 44 strangulated femoral hernias 
with impressive follow-up (mean follow-up greater than 6 
years) and completeness (100%!), indicating the authors’ ap- 
preciation for these two variables in any herniorrhaphy 
series. It is also an impressive report because of the sophis- 
tication of the anatomical presentation, which is beyond that 
of many surgical texts. | : 

Berliner et al correctly note that the medial margin of the 
femoral ring is the lateralmost attachment of transversus/ 
transversalis into Cooper’s ligament, not the lacunar liga- 
ment. They further appropriately view the iliopubic tract as 
a “condensation of” (kinder than McVay’s “artifact in dissec- 
tion of”) the transversus/transversalis fascia. This anatomical 
sophistication resulted in and now makes credible the au- 
thors’ success. 

The authors’ classification of femoral hernias needs to be 
carefully defined, especially the distinction between a stage 
1 femoral hernia and normal anatomy. There is wide variation 


in the ransverse diameter of the femoral ring, which bears an 
invers2 relationship to the breadth of the attachment of the 
posteror wall to Cooper's ligament (Ann Surg. 1961;154:25- 
32). TEis space normally contains fat, lymphatics, and lymph 
nodes Since the authors use bilaterality to justify vertical 
midline incisions rather than the more physiologic transverse 
approach popularized by Nyhus (Am J Surg. 1960;100:234), 
their c-iteria for what is a hernia and what is normal anatomy 
are cricical. 

Given their success with the Henry operation and a 5% in- 
cidene@ of concomitant indirect herniation, it is curious that 
the authors recommend, without supporting data, an ana- 
tomically unsound, turn-of-the-century, Bassini infrain- 
guinal approach to nonstrangulated femoral incarcerations. 
This brief anatomical hiccup, however, does not detract from 
the werth of this impressive series, the results of which will 
be cited for decades. ie: 

BYRON MCGREGOR, MD 
Reno, Nev 
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Original Article 


The Surgeon, Genetics, and Malignant Melanoma 


W e are now facing an epidemic of cutaneous malig- 

nant melanoma (CMM), with projections that one 
in 100 whites will develop CMM by the year 2000. Physi- 
cians must employ their accrued knowledge of the epide- 
miologic and genetic aspects of CMM to maximize con- 
trol. Excessive, intermittent exposure to sunlight during 
outdoor recreational activities has been implicated in the 
origin of CMM in whites. In addition, the recently dem- 
onstrated depletion cf the ozone layer in the stratosphere 
of the northern hemisphere can significantly affect the 
incidence of skin cancer. It has been shown in Australia 
that exposure to sunlight in the first two decades of life 
significantly increases the risks of developing CMM.’ To 
be cost-effective in the face of rising health care costs, we 
must be able to efficiently identify high-risk patients and 
families so that highly targeted surveillance, early diag- 
nosis, and treatment can be accomplished. It will also be 
necessary, early in life, to initiate education about the 
benefits and hazards of sunlight exposure. 

Knowledge of familial/genetic traits that predispose 
whites to CMM is mandatory. Persons predisposed to 
developing CMM include those who are lightly pig- 
mented, blue-eyed, or red-haired and those who tan 
poorly (ie, have a history of freckling and many sunburns, 
often severe, especially in early childhood). These traits 
are polygenic and, therefore, tend to run in families. In 
addition, a CMM-prone cancer-associated genodermato- 
sis has been recognized in the last two decades—the fa- 
milial atypical multiple mole melanoma (FAMMM) 
syndrome (hereditary dysplastic nevus syndrome 
[HDNS)]).*° Families with this genetic disorder not only 
have a high risk of developing CMM, but also, due to the 
heterogeneity of FAMMM, a subset of these families are 
at high risk for developing cther primary systemic can- 
cers, particularly cancer of the pancreas.*® Early diagno- 
sis of CMM and systemic cancer is our prime objective 
because of the lifesaving potential of early diagnosis. 

The FAMMM syndrome is characterized by a kindred 
whose members have an autcsomal dominantly inherited 
trait with cutaneous phenotypes characterized by multi- 
ple atypical nevi (AN) and a total count of all nevi that is 
usually greater than that of individuals without FAMMM. 
In fact, some members of the kindred have total mole 
counts in the hundreds. These AN tend to be centrally 
located, and most are concentrated on the trunk and 
proximal portions of the extremities (Fig 1). The multiple 
dysplastic AN (Fig 2), when florid, are easily recognizable 
and described with designations of A through E, with A 
indicating asymmetric moles; B, moles with borders that 
are serpiginous, with notches and irregularities in con- 
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tour, and moles with borders that blur as the color fades 
into the surrounding skin; C, multicolored or variegated 
moles, with colors ranging from red through tan/brown to 
black; D, moles 4 to 5 mm or more in diameter when clin- 
ically recognized; and E, moles that are usually macular, 
but that cam have a central papular elevation or be mam- 
millated throughout. The minimal limits of these clinical 
definitions blend into the description of normal nevi; 
therefore, zhe clinical diagnosis of AN cannot be sus- 
pected in smaller lesions and can only rarely be suspected 
in children before puberty. Characteristics of severe clin- 
ical expressions of AN are similar to the characteristics (A 
through E) of the CMMs. Thus, the diagnostic dividing 
lines amorg normal nevi, AN, and early CMM are not 
sharp and complicate clinical diagnosis.’ 

To further complicate the diagnostic dilemma, AN may 
occur in rormal individuals, but usually not in great 
numbers. Thus, the presence of a few AN clinically does 
not absolutely establish a diagnosis of FAMMM or spo- 
radic AN. It is important to recognize that the absence of 
any Clinically discernible AN does not rule out the pres- 
ence of the FAMMM gene carrier.**’ Certain genetically 
high-risk members of a kindred with FAMMM may not 
have moles yet still express the deleterious genotype, 
with phenotypic findings of CMM and/or systemic can- 
cers of other organ systems integral to the specific kindred 
under investigation." It is in these clinical settings that the 
physician’s knowledge of genetic risk for developing 
FAMMM will be beneficial for diagnosis 

It was originally hoped that the histologic diagnosis of 
the AN phenotype would unequivocally establish the di- 
agnosis of the FAMMM syndrome. This goal, unfortu- 
nately, has not been realized." The criteria for the histo- 
logic diagnosis of AN or dysplastic nevus include 
architectural atypia and cytologic melanocytic atypia cou- 
pled with fibroplasia, angiogenesis, and a chronic lym- 
phocytic inflammatory infiltrate. The florid histologic ex- 
pression .s characteristic of dysplastic nevus, but the 
milder expressions of these histologic parameters can be 
confused with the histologic parameters of the “normal” 
actively growing junctional and compound nevi. In addi- 
tion, histelogically verified AN can appear in individuals 
without FAMMM.” Therefore, the histologic diagnosis of 
dysplastic nevi cannot be used as the only criterion for the 
establishment of the clinical diagnosis of the FAMMM 
syndrome. The presence of dypslastic nevi must be cor- 
related with clinical and genetic findings.’ Piepkorn™ 
states, “. . . it appears that it is not the finding of histo- 
logic dysplasia that is significant, but rather, a heritable or 
acquired change in the mechanisms controlling the num- 
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Fig 1.—Cutaneous phenotype of atypical moles that developed in 
high numbers. This patient has had many cutaneous malignant 
melanomas during two decades of observation. 


ber or size of this proliferative phase of nevi.” The absence 
of AN histologically does not preclude a diagnosis of the 
FAMMM syndrome. Without a biologic marker of high 
sensitivity and specificity, the diagnosis of the FAMMM 
genotype must be considered in conjunction with the sum 
of all the cutaneous and systemic phenotypic findings. 
The presence of a histologic phenotype of a biologically 
very active melanocytic system in a genetically autosomal 
dominant pattern in multiple members of a kindred with 
FAMMM who are sampled must also be consid- 
ered. 25-610,15,16 

When a patient presents with multiple AN and a very 
high total mole count, the physician should always sus- 
pect the FAMMM syndrome and initiate a detailed fam- 
ily investigation. Ideally, key relatives (first- and second- 
degree relatives) should be contacted, and, when 
possible, their medical and pathologic records should be 
reviewed, as patients often inaccurately recall medical 
details regarding hospitalization.” Because this may not 
be practical in most clinical settings, genetic consultation 
concerning risks for developing cancer should be consid- 
ered when these kindred investigations are clinically 
possible and appear to be accomplishable in the manner 
outlined below. 

The use of the operational term “sporadic” (as in spo- 
radic atypical multiple moles—SAMM)" emphasizes to 
the clinician different strategies of care for patients from 
kindreds with FAMMM vs the care of patients with 
SAMM. Strategies of care for the patient with SAMM vary 
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Fig 2.— Cutaneous phenotype of the daughter of the patient with 
the moles shown in Fig 1 shows clinical penetrance of atypical nevi 
but absence of a high mole count. She developed cutaneous ma- 
lignant melanoma by age 20 years. 


as the numerous definitions of sporadic vary. The most 
common problem in the patient with SAMM is the failure 
to obtain an adequate family history and failure to exam- 
ine the patient's kindred. The clinical manifestations of 
the patient with SAMM may be due to incomplete gene 
penetrance, variable expressivity, and a spectrum of het- 
erogeneity of the FAMM genotype; lack of adequate ge- 
netic information about the patient because of a small 
kindrec; the occurrence of the dubious father phenome- 
non; presence of a different genocopy; a fresh germinal 
mutation of the FAMMM genotype; and presence of a true 
SAMM phenocopy for the FAMMM syndrome. The latter 
two alternatives require follow-up of the progeny of pa- 
tients with SAMM for at least two generations to rule out 
other sporadic causes. 

If the family history of the patient with SAMM is inad- 
equate for evaluating genetic factors, the next most 
important information in evaluating the risk of develop- 
ing CMM is a personal history of CMM. The next most 
important factor is the presence of multiple atypical moles 
and/or a total mole count greater than normal (ie, more 
than 50 moles, with counts higher than 100 being very 
significant). Other polygenic risk factors also play a 
significant role. If the patient with SAMM is also at high 
risk of Geveloping CMM (eg, the patient has had CMM 
and has multiple AN as well as a high total mole count), 
the patient should be examined two to three times yearly. 
In these high-risk patients, monthly self-examination is 
necessary. This requires a hand mirror, a large wall mir- 
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ror, and visual inspection by informed spouses, relatives, 
or friends. In low-risk patients with SAMM, only annual 
examinations and ongoing kindred investigations are 
necessary. The periodicity of these examinations in low- 
risk individuals can be reevaluated yearly depending on 
the clinical findings and the accrued data from genealog- 
ical investigations. 

Patients with FAMMM whose kindreds include a 
proband with a history of CMM or one or more first- 
and/or second-degree relatives with CMM are considered 
high-risk patients. They should be examined three times 
each year by their physicians and perform monthly self- 
examinations. The 50% of relatives who are at risk of de- 
veloping CMM also need the same surveillance regardless 
of whether they have AN and/or high mole counts, as 
these relatives may express only the phenotype for CMM. 
High-risk patients must undergo lifelong surveillance of 
the skin, with particular attemtion to the sudden occur- 
rence of relatively rapidly changing nevi of any size. The 
latter demands total excision for histologic evaluation, 
especially if any of the characteristics of CMM (A through 
E) are apparent. Many of the CMMs in patients with 
FAMMM develop de novo and not in association with 
AN. Total excision of all AN in these patients does not 
eliminate the risk of developing CMM. Yearly photo- 
graphs for purposes of comparison may be appropriate in 
very high-risk patients with FAMMM and in relatives 
who have many moles. However, this can only be cost- 
effective if it is limited to kindreds with a very high risk 
of developing FAMMM in which CMM has developed in 
at least one member. Although some first- and second- 
degree relatives in a high-risk pedigree may appear to be 
at low risk of developing CMM because they lack the cu- 
taneous phenotype, lifelong surveillance is still necessary 
for them and their progeny for at least two generations 
because of the variable expressivity and incomplete pen- 
etrance of the FAMMM genotype. Low-risk patients (pa- 
tients with no kindred history of CMM) need yearly cu- 
taneous surveillance by their physicians and should 
perform a self-examination at least every 6 months. 

Some kindreds with FAMMM have a high risk of 
developing primary nencutaneous cancers.*® These kin- 
dreds can be identified by the-verification of these cancers 
in the pedigree using medical and pathologic reports. In 
this way, an accurate cancer risk can be established for the 
specific organ system(s) invoived. For cost-effectiveness, 
if any systemic cancer occurs more often than normal in 
a kindred with FAMMM, surveillance of only that sys- 
temic cancer peculiar to each FAMMM kindred should be 
performed. 

What does the future hold? A test of biologic markers 
is needed to identify patients with FAMMM and SAMM 
who are at increased risk of developing cancer. To date, 
however, such studies have been controversial. For 
example, research has focused on chromosomal localiza- 
tion of the gene for HDNS. Noteworthy was the report by 
Bale et al” indicating that the-deleterious gene was on the 
distal part of the short arm of chromosome 1 (1p36), in a 
region between an anonymous DNA marker (D1547) and 
the gene locus for pronatrodilatin). The probe for D1S47 
and pronatrodilatin showed lod scores of 3.67 and 3.09, 
respectively. The authors concluded that the odds were 
greater than 260000:1 that linkage occurred at this loca- 
tion. However, van Haeringen et al” performed linkage 
studies in six large Dutch families with HDNS and did not 
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find evidence of linkage between the loci for HDNS and 
the Rhesus blood group on chromosome 1. In collabora- 
tion with Mark Leppert, PhD, and Ray White, PhD, of the 
University of Utah Medical Center, we have tentatively 
excluded lirkage on the short arm of chromosome 1 in the 
investigation of two extended kindreds with FAMMM. 

We have recently completed cytogenetic studies” with 
these two kindreds with FAMMM and have shown this 
to be the first reported instance of a cancer syndrome of 
chromosome instability that is dominantly inherited. We 
have also demonstrated clonal cytogenetic abnormalities 
in the skin and nevi of affected patients. These so-called 
chromosome breakage abnormalities tended to involve 
chromosomes 14, 3, 1, 6, 11, and 22 (in order of decreas- 
ing frequemcy). Correlation of these cytogenetic results 
with linkage data may point to possible loci or frequently 
involved chromosomes containing a gene (or genes) 
responsible for the genesis of the FAMMM syndrome. 
With a cytegenetic marker, it may be possible to identify 
minimum expressions of the FAMMM phenotypes and 
obligate gene carriers. Cytogenic markers may also shed 
light on the differences in those FAMMM kindreds that do 
develop CMM and/or the primary noncutaneous systemic 
cancer(s) and those that do not. With such a diagnostic 
tool, we may have a biologic marker that will help segre- 
gate patierts with SAMM who may or may not have the 
FAMMM syndrome. A biologic marker may also explain 
why some patients have only CMM or intraocular malig- 
nant melanoma and lack the cutaneous phenotypes of 
patients with SAMM and FAMMM. 


HENEY T. LYNCH, MD 
RAMON M. FUSARO, MD, PHD 
Omaha, Neb 
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During the past 2 decades various refinements in heart and lung transplantation 
procedures have taken place. Improved preservaticn methods, new immunosup- 
pressive medications, and advances in technical capabilities have allowed innova- 
tive procedures to be performed. In May 1987 the first “domino-donor” operation 
was performed in the United States. A 28-year-old man with cystic fibrosis and 
end-stage lung disease received the heart and lungs of an anonymous donor after 
he donated his heart to a 38-year-old man with end-stage ischemic cardiomyopa- 
thy. The technical and logistical aspects of this transplantation procedure are de- 
scribed herein. Other unusual features of this case that are discussed include 
heart-lung transplantation for a patient with cystic fibrosis, the use of cardiopul- 
monary bypass to allow lung procurement and transplantation across long 
distances, and the current role of heterotopic cardiac transplantation. (JAMA. 
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Wound-Healing Complications Following Biopsy 
of the Irradiated Breast 


Richard D. Pezner, MD; John A. Lorant, MD; José Terz, MD; Jonathan Ben-Ezra, MD; 
Tamara Odom-Maryon, PhD; Kenneth H. Luk, MD 


è A retrospective review evaluated results of 38 posttreat- 
ment biopsies (with resulting benign pathologic findings) 
that were performed on 32 irradiated breasts or axillae in 
31 of 232 patients who underwent conservation treatment 
of early-stage breast cancer. Postbiopsy wound-healing 
complications developed in eight (30%) of 27 patients who 
were undergoing open biopsies but in none of 11 who un- 
derwent only needle biopsies. Wound-healing complica- 
tions occurred in twe of five patients who underwent inci- 
sional skin biopsy, three of five who underwent 
mammographic needle—localized excisional biopsy, and 
three of 17 who underwent other types of open biopsies. 
Frequency of wound-healing complications following open 
biopsy was not related to patient age, diabetes mellitus, 
cigarette smoking, or use of chemotherapy. Wound-healing 
complications were related to breast size, developing in 
four (67%) of six patients with large breasts (brassiere cup 
size D or DD) as compared with that in only four (19%) of 
21 patients with smaller breasts. Significant worsening of 
cosmetic breast retraction was frequently associated with 
wound-healing complications, especially wounds that took 
more than 1 month to heal. 
(Arch Surg. 1992;127:321-324) 


M any patients with breast cancer now receive treat- 

ment that may avoid total mastectomy. The dual 
goals of breast conservation treatment are to provide treat- 
ment as effective as a modified radical mastectomy and, at 
the same time, produce a good cosmetic result. Findings 
from numerous retrospective studies and several large 
prospective randomized protocols have confirmed the ef- 
fectiveness of breast conservation treatment that involves 
resection of the primary tumer and breast irradiation."* A 
small minority of patients, sotreated, will experience a re- 
currence in the treated breast. Effective salvage treatment 
of local recurrences: depends on diagnosis as early as pos- 
sible.”*® Biopsy results are necessary to confirm a diagnosis 
of recurrent cancer since some patients with new suspi- 
cious findings in the treated breast will only have benign 
pathologic changes.™ The cosmetic outcome of patients 
who undergo biopsy may be significantly compromised 
due to the increased risk of wound-healing complications 
associated with surgical procedures that involve irradiated 
sites. This study evaluates factors related to wound- 
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healing complications in patients who have undergone a 
benign-outcome biopsy of the irradiated breast. 


PATIENTS AND METHODS 


A retrospective review was performed of 232 consecutive pa- 
tients with 237 early-stage invasive breast cancers or ductal car- 
cinoma in situ who received radiation therapy (RT) at the City 
of Hope National Medical Center, Duarte, Calif, between Janu- 
ary 1980 and January 1988, as part of a breast-preserving treat- 
ment approach. Excluded from analysis were patients with T3, 
T4 and/or N2, N3 disease, two patients who were unavailable for 
follow-up immediately after the end of RT, and one patient who 
received an iridium 192 implant at the time of surgery but refused 
subsequent external-beam RT.” 

Details of treatment have been previously described."* All pa- 
tients, except two, underwent resection of the primary tumor. 
The entire breast received 5000 to 5040 cGy at 180 to 200 cGy per 
fraction. A primary site local RT boost of 500 to 3000 cGy was 
performed in 73 cases by either electron beam RT or iridium 192 
interstitial implant. Local boosts were usually reserved for 
patients who either did not have pathologically clear-inked mar- 
gins or did not have pathologic evaluation of inked margins. Re- 
gional lymph node RT fields were used selectively based on tu- 
mor presentation factors. 

Patients who underwent biopsy of an irradiated region were 
examined for wound-healing complications. Excluded from 
analysis were patients who underwent plastic or reconstructive 
surgical procedures that involved the irradiated breast. Patients 
were considered to have wound-healing complications if there 
was evidence of wound dehiscence and/or infection. Several pa- 
tients underwent multiple biopsies, as described below. How- 
ever, patients who underwent percutaneous needle biopsy of a 
suspicious site within 50 days of open biopsy of the same site 
were considered to have undergone only open biopsy. Volume 
of the biopsy specimen was estimated as the product of the three 
dimensions of the specimen as measured by the pathologist. 

Cosmetic breast retraction was evaluated by the breast retrac- 
tion assessment method in several patients before and after 
benign-outcome biopsies. Examples of this method have been 
previously published.'*’* Postbiopsy breast retraction was con- 
sidered to be severe if the breast retraction assessment value in- 
creased by 2 cm or more compared with prebiopsy values. 

Fisher’s Exact Test was performed to test statistically for an 
association between each evaluated patient characteristic and 
the occurrence of wound-healing complications. All significance 
testing was done at the .05 level. 


RESULTS 


From 1980 through July 1990, 38 benign-outcome biop- 
sies, ie, biopsies that revealed only benign pathological 
findings were performed on 32 irradiated breasts or axillae 
in 31 of the 237 treated patients. Five patients underwent 
two biopsies of the treated breast, and one underwent 
three. One patient with bilateral malignant neoplasms un- 
derwent one biopsy of each treated side. Of the 38 biop- 
sies, 27 were open excisional or incisional biopsies, while 
11 were only percutaneous needle biopsies. Among the 
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Characteristic 






No. of biopsies 38 
No. of patients 31 
No. (%) of cases with interval 


RT to biopsy, <24 mo 25 (66) 
No. (%) of cases with biopsy done at 

primary tumor site 28 (74) 
Physical examination findings, No. 

Breast mass 18 

Subcutaneous induration 10 

Axillary scar nodule 3 

Cyst or abscess 3 

Normal findings 4 
Mammogram findings, No. 

Microcalcifications 5 

Mass or cyst 7 

Skin thickening 5 

Normal findings 7 

Not performed 14 


*RT indicates radiation therapy. 


patients who underwent open biopsies, seven also under- 
went percutaneous needle biopsies 2 to 48 days earlier. 

During this same time period, biopsy-proved cancer re- 
currence was found in the treated breast in 16 patients. Mas- 
tectomy was performed in 15, while one patient underwent 
only breast biopsy due to simultaneous appearance of dis- 
tant metastases. Information that concerned wound healing 
was not available for two patients who underwent mastec- 
tomy at other institutions. Of the remaining 13 patients, no 
wound-healing complications developed in 10, while 
wound dehiscence appeared in two, and cellulitis from an 
infected seroma occurred in one. None of the 13 patients ex- 
perienced a wound-healing complication in the time interval 
between the date of biopsy and the date of mastectomy. 
These patients were excluded from further analysis. 


Percutaneous Needle Biopsy 


Eight patients underwent 11 benign-outcome percuta- 
neous needle biopsies without subsequent open biopsy 1 
to 52 months following the end of RT. Physical findings 
and mammographic abnormalities are detailed in Table 1. 
Pathologic findings of needle biopsies revealed blood 
and/or fat tissue consistent with fat necrosis, hematoma, 
or benign cyst. Two of the eight patients underwent open 
biopsy several months later. Among the other six pa- 
tients, open biopsy was not subsequently performed as 
the mass effect resolved following biopsy in five, and the 
appearance of distant metastases made open biopsy un- 
necessary in the other. None of the eight patients who 
underwent 11 biopsies experienced infection or other 
complications of the procedure. None of the patients have 
experienced local recurrence, with postbiopsy follow-up 
exceeding 24 months in seven of the eight patients. 


Excisional or Incisional Biopsy 
Twenty-seven open biopsies, with resulting benign find- 
ings, were performed in 25 patients (Table 1). Patient age at 
biopsy ranged from 38 to 74 years, with a mean age of 58 
years. Four patients had diabetes mellitus, two of whom 
were dependent on insulin. Eight had a history of cigarette 
smoking, three of whom had stopped 1 to 6 years before bi- 
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Table 1.—Characteristics of Patients Who Underwent Benign-Outcome Breast Biopsies* 


Overall 









Excisional or 
Incisional Biopsy 


Percutaneous 
Needle Biopsy 

























11 27 
8 25 
8 (73) 17 (63) 
8 (73) 20 (74) 
6 11 
2 8 
1 2 
2 2 
0 4 
0 5 
2 5 
1 2 
1 6 
7 7 


opsy. Six had received adjuvant chemotherapy, although 
none had received doxorubicin hydrochloride (Adriamycin). 
Chemotherapy had been completed 1 to 57 months before 
biopsy. Radiation therapy was completed 2 to 81 months be- 
fore biopsy. Physical findings and mammographic abnor- 
malities are detailed in Table 2. The four patients without 
physical findings had an interval appearance of suspicious 
microcalcifications. 

Biopsy procedures included excisional biopsy of a breast 
mass in 10 cases, mammographic-guided needle—localized 
excisional biopsy of microcalcifications in five, incisional bi- 
opsy of a breast mass in three, incisional biopsy of a region 
of skin thickening in five, excision of an axillary scar nodule 
in two, resection of a breast abscess cavity in one, and seg- 
mental resection of a cystic cavity with latissimus dorsi flap 
coverage in one. Prophylactic antibiotic coverage was not 
employed in any patient, except the patient with a breast ab- 
scess cavity. A broad range of pathologic findings were ev- 
ident in the 27 specimens (Table 2). Volume of excised tissue 
was less than 10 mL in 16 cases, 10 to 100 mL in nine, and 
greater than 100 mL in two. The two patients with large re- 
sections involved the case of a purulent breast abscess cavity 
and the case of a large benign cystic cavity. 

Wound infection occurred following eight (30%) of the 
27 biopsies. Another patient experienced a postoperative 
seroma without evidence of infection. The time at onset of 
infection was 7 to 20 days in four cases and 27 to 35 days 
in four. Infection was found at a routinely scheduled 
follow-up visit in only one of the eight cases. Wound cul- 
ture was obtained in three cases, revealing Staphylococcus 
aureus in one, Corynebacterium in one, and multiple gram- 
negative rods in one. Following diagnosis of wound infec- 
tion, all eight patients received local wound care measures 
and oral antibiotics. Wounds were completely healed in 
less than 1 month in three cases and in 3 to 7 months in 
four. A chronic nonhealing ulcer developed in one patient. 

The frequency of wound-healing complications, partic- 
ularly those severe complications that took greater than 3 
months to heal, was not related to patient age, use of cig- 
arettes, history of diabetes mellitus, adjuvant chemother- 
apy, or use of a primary site RT boost (Table 3). Breast size, 
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Table 2.—Histologic Findings in 27 Benign-Outcome 
Open Biopsies of Breasts Irradiated for 
Stage | or Il Breast Cancer 


Histologic Finding No. of Cases 


Dermal and/or stromal fibrosis 
or fibroblast proliferation 


Fat necrosis 

Proliferative fibrocystic disease 

Suture granuloma 

Lipoma 

Dermal perivascular 
lymphocytic infiltrate 

Abscess cavity with fibrosis 

Benign cyst 

Normal skin or breast adipose tissue 
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Table 3.— Frequency of Benign-Outcome Open Biopsy 
Wound-Healing Complications in Relation to Patient 
Characteristics* 

Frequency of Wound-Healing 
Complications, Proportion (%) 
— >: 
Overall Time to Heal, >3 mo 








Patient 
Characteristic 

















Age at biopsy, y 


38-59 4/13 (31) 2/13 (15) 

60-74 4/14 (29) 3/14 (21) 
Diabetes melllitus 

Present 2/4 (50) 1/4 (25) 

Absent 6/23 (26) 4/23 (31) 
Cigarette smoking 

Yes 3/8 (37) 2/8 (25) 

No 5/19 (26) 3/19 (16) 












Breast size 








Brassiere cup A, B, © 4/21 (19)t 2/21 (10) 

Brassiere cup D, DD 4/6 (67)t 3/6 (50) 
Adjuvant chemotherapy 

Yes 2/6 (33) 1/6 (17) 

No 6/21 (29) 4/21 (19) 
Biopsy at RT boost sit2 

Yes 4/10 (40) 3/10 (30) 


No 4/17 (24) 2/17 (12) 





*RT indicates radiation therapy. 

tDifference is statistically significant with use of Fisher’s Exact 
Test (P=.04). All other comparisons were not statistically signifi- 
cant. 


however, was statistically significantly related to fre- 
quency of wound-healing complications (Table 3). Wound 
complications were more frequent in cases when sutures 
were removed within 10 days following biopsy (seven of 
20 cases), as compared with those cases with sutures that 
remained more than 10 days (one of seven cases). How- 
ever, early signs of wound infection were already present 
in three cases on the day that sutures were removed. 
The volume of the breast biopsy resection specimen was 
not related to the frequency of wound-healing complica- 
tions (Table 4); however, the type of biopsy was. Patients 
who underwent either an incisional skin biopsy or a mam- 
mographic needle—localized excisional breast biopsy had 
a much higher frequency of wound-healing complications 
than did patients who underwent excision of a breast or 
axillary mass or other type of biopsy procedure. 
Cosmetic changes following biopsy were more frequentin 
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Table 4.—Frequency of Benign-Outcome Biopsy 
Wound-Healing Complications in Relation to Biopsy 
Type and Volume* 













Source, y 
ree 080) 
Solin et al,"° Recht and Present 


Type of Biopsy 1990 Harris,” 1985 Study 












Needle (skinny or core) 1/17 (6) 0/10 (0) 0/11 (0) 
Open 6/64 (9) 2/36 (6) 8/27 (30) 
Incisional skin 0/11 (0) 2/5 (40) 
Mammcgraphic 
needE localized 3/15 (20) 3/5 (60) 
Other apen 3/38 (8) 3/17 (18) 
Volume, epen 
1-10 mL 1/24 (4) 0/19 (0) 4/16 (25) 
>10 mL 5/29 (17) 2/12 (17) 4/11 (36) 





Unknown 1/17 (6) 0/5 (0) 








*Data are given as proportions (percentages). 


patients with wound-healing complications. Among the 
eight patients with wound-healing complications, two had 
significant worsening of breast retraction, two others expe- 
rienced m:nimal retraction and telangiectasia at the biopsy 
site, and a chronic ulcer developed at the biopsy site in one 
patient. Among the 17 patients who underwent open biopsy 
but did not experience wound infections, serial retraction 
measurements were available in eight. Significant retraction 
developec in one patient following the biopsy. Telangiecta- 
sia was noted in another patient. Thus, for the 17 patients 
who did not experience postbiopsy wound-healing compli- 
cations, cosmesis was worsened slightly in one and signif- 
icantly in one. 

None of the 25 patients who underwent a benign- 
outcome open biopsy have experienced recurrent cancer 
in the treated breast. Follow-up since biopsy has ranged 
from 6 menths to 8 years. Follow-up has exceeded 3 years 
for 12 patients and 2 years for eight others. 


COMMENT 


For patients with stage I or II breast cancer or ductal car- 
cinoma ir situ, limited tumor resection and breast RT can 
produce cisease-free survival comparable with that for total 
mastectomy.'* Breast conservation treatment will at the 
same time provide good to excellent cosmetic results for the 
large majority of patients.’**° For the small minority of pa- 
tients in whom a local recurrence or a new primary develops 
in the treated breast, salvage surgery can be highly effective, 
provided that tumoris discovered while itis still resectable.”* 
Biopsy is mandatory to diagnose locally recurrent cancer, 
since a wide range of benign pathologic changes may occur 
in the irradiated breast. New masses found on physical ex- 
amination or mammogram or interval appearance of suspi- 
cious mammographic microcalcifications may be due to stro- 
mal fibrosis, fat necrosis, or hematoma.*"’ Sclerosing adeno- 
sis, lobuler carcinoma in situ, and intraductal papilloma may 
arise in an irradiated breast, as well as in an untreated one. 
There is concern that surgery that involves irradiated skin or 
other tissue could be associated with a high risk of wound- 
healing complications. Among the 13 patients who under- 
went salvage mastectomy for local recurrence, local postop- 
erative ccmplications developed in three (23%). For the pa- 
tient whe requires treatment of locally recurrent cancer, a 
wound-healing complication may be an acceptable risk. 
However, for the patient with a benign-outcome open bi- 
opsy, themorbidity of a wound infection may be less accept- 


Irradiated Breast—Pezner et al 323 


i 


able due to possible worsening of the cosmetic outcome. 
Fine-needle aspiration biopsy may be performed with a very 
low risk of complications, but a “benign” finding may rep- 
resent a false-negative result. Open biopsy is usually recom- 
mended following needle biopsies with benign findings, ex- 
cept when the palpable lesion resolves following aspiration. 

While there are numerous reports concerning the fre- 
quency and management of tumor recurrence in the 
treated breast, there is little information available concern- 
ing patients who undergo posttreatment breast biopsy, 
with resulting benign or negative pathologic findings. In 
1985, an abstract by Recht and Harris” reviewed 46 benign- 
outcome biopsies that were performed on 38 patients. 
Since this was nota systematic review, not all patients with 
benign-outcome biopsies were necessarily included. More 
recently, Solin et al’* reviewed 145 biopsy procedures that 
were performed on 139 irradiated breasts ina group of 1416 
cases of breast cancer. Benign pathologic findings were 
found in 69 cases, representing approximately 5% of the 
treated cases. In our review, benign-outcome biopsies 
were performed in 32 (14%) of 237 treated cases. 

As compared with findings from other reports, we did 
not find the frequency of wound-healing complications to 
be related to the volume of the resected biopsy specimen 
(Table 4). Patients who underwent resections that ex- 
ceeded 10 mL had only a slightly higher frequency of 
wound-healing complications compared with that for pa- 
tients who underwent smaller biopsies. Frequency of 
wound-healing complications was more closely related to 
the type of biopsy that was performed. Needle biopsies, 
whether by skinny percutaneous needle or by a core nee- 
dle, had a very low risk of wound-healing complications 
(Table 4). A high risk of wound-healing complications was 
associated with mammographic needle-localized exci- 
sional biopsy of microcalcifications. Our review also 
demonstrated a high frequency of wound-healing com- 
plications following small incisional skin biopsies, a 
problem not observed by Solin et al.'* Benign-outcome 
skin biopsies at City of Hope National Medical Center 
were usually performed in patients with significant skin 
induration with or without telangiectasia in the zone of 
the local RT boost. Skin biopsy of an area with significant 
RT changes could be expected to have frequent healing 
problems due to microvascular compromise from suben- 
dothelial hyperplasia." 

Large breast size was associated with a high frequency of 
wound-healing complications (Table 3). Institutions that in- 
frequently accept patients with large breasts for conservation 
treatment may not have noticed an association between 
wound-healing complications and large breast size. Approx- 
imately 23% of patients, at the City of Hope National Medical 
Center, with stage I or II breast cancer that was treated by 
conservation approaches had breast brassiere cup size D or 
larger. This may also explain, at least in part, the lower fre- 
quency of wound-healing complications reported by others. 
If patients with large breasts are excluded from our analysis, 
the frequency of wound-healing complications is only 19%, 
and the frequency of wound-healing complications that re- 
quire more than 3 months to heal is only 10% (Table 3). 

The cosmetic effect of a benign-outcome biopsy of an ir- 
radiated breast has not been addressed by most authors, to 
our knowledge. Our review demonstrated that the patients 
who were most likely to have significant worsening of cos- 
metic outcome were those who had wound-healing compli- 
cations. To minimize the risk of wound dehiscence, Welch? 
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recon-mended that sutures remain in place for 2 to 3 weeks 
in theirradiated breast. Prophylactic antibiotic coverage may 
be of value since signs of infection were evident in several 
patier ts before wound dehiscence. Since antibiotics were not 
routinely employed, we cannot draw any definite conclu- 
sions as to whether such coverage might have reduced the 
frequency of infection. Onset of infection was often not ev- 
ident antil 20 to 30 days following biopsy. Since some pa- 
tients did not return to their physician until a large abscess 
was present, it is possible that frequent clinical evaluations 
during the first month following biopsy might be able to di- 
agnose and treat wound infections promptly. Earlier inter- 
vention might reduce the frequency and severity of compli- 
cations that take months to heal and are associated with sig- 
nificart worsening of cosmetic outcome. 
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thesda, Md. 
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Effect of Combined Prednisolone, Epidural Analgesia, 
and Indomethacin on the Systemic Response 
After Colonic Surgery 
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è Twenty patients undergoing colonic resection were ran- 
domized to either conventional postoperative pain treat- 
ment with morphine chloride and acetaminophen (group 1, 
n=9) or methylprednisolone sodium succinate 90 minutes 
before surgery plus intraoperative neural blockade, with a 
postoperative analgesic regimen with combined bupiv- 
acaine hydrochloride—morphine and indomethacin sodium 
for systemic effect (group 2, n=11). Assessments of pain, 
pulmonary function, convalescence, and various injury 
factors were done several times until 8 days after surgery. 
Postoperative pain and hyperthermic response were elimi- 
nated in group 2. Conventional reduction in pulmonary 
function measures was improved in group 2, and fatigue and 
mobility were less pronounced. Prostaglandin E,, interleu- 
kin 6, and C-reactive protein levels increased in both 
groups, but significantly less in group 2. These results sug- 
gest that a combined neural and humoral blockade may 
more effectively inhibit the global stress response to elec- 
tive surgery than previously observed with neural blockade 
with or without indomethacin. 
(Arch Surg. 1992;127:325-331) 


D espite intensive research, the clinical importance of 

the endocrine-metabolic response to surgical 
trauma is still uncertain. The participation of various hu- 
moral mediators such as arachidonic acid (AA) metabo- 
lites, monoamines, and proteases in the initiation and 
development of the response has been the scope of sev- 
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eral investigations, but their importance has not been 
completely elucidated.'* However, the prostaglandins 
may play en important role, since several AA metabolites, 
especially prostaglandin E, (PGE), are immunosuppre- 
sive, may alter granulocyte functions, and enhance pro- 
tein catabolism.>’ Furthermore, studies of other humoral 
mediators such as cytokines and platelet-activating factor 
released from macrophages and other leukocytes have 
improved our understanding of the events occurring 
during mejor trauma, burn, and sepsis,*” but again their 
specific rcle for an uneventful postoperative course has 
not been defined. Finally, afferent neural signals are an- 
other important mediator of the systemic response." 
It has been hypothesized that some postoperative 
complications, such as myocardial infarction and insuffi- 
ciency, pulmonary and thromboembolic complications, 
and convalescence and fatigue, may be caused by the 
systemic response due to the subsequent increase in de- 
mands on organ function. Research has therefore 
focused +o study potential modifying factors of the 
response and potential clinical benefits thereof." Until 
now, the 2vidence of an advantageous effect of inhibition 
of traume-induced events mostly comes from controlled 
studies comparing regional and general anesthesia." 
Unfortunately, the potent inhibitory effect of neural 
blockade during lower-body procedures” is less during 
major abdominal and thoracic procedures, owing to 
insufficient neural blockade by these techniques in the 
thoracic -egion.'® Efforts have therefore been made to 
evaluate combined neural and humoral blockade with in- 
domethacin, but despite sufficient pain relief, the sys- 
temic response has remained largely unaltered.” 
Recent-y, in an uncontrolled study, we found addition 
of preoperative high-dose glucocorticoid, which may in- 
hibit other humoral mediators more effectively, to im- 
prove the inhibitory effect of epidural analgesia and 
indomethacin on the systemic response and pain and to 
improve organ function after cholecystectomy." Further- 
more, an effective neural blockade applied before injury 
may reduce postinjury hypersensitivity to pain, thereby 
exerting an improved effect into the postoperative pe- 
riod." We therefore decided to perform a randomized 
study of the effect on the systemic response to and con- 
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valescence from major colonic surgery of high-dose pre- 
operative glucocorticoid plus double neural blockade with 
intrathecal and epidural anesthesia and systemic indo- 
methacin sodium. 


SUBJECTS AND METHODS 


Twenty-five patients, aged 67 to 79 years, who were scheduled 
for elective left-sided colonic resection (resection of the sigmoid or 
rectosigmoid colon or rectum), entered the study. Informed consent 
was obtained, and the study was approved by the local ethics com- 
mittee. All patients were otherwise healthy without any sign of en- 
docrinologic, renal, hepatic, immunologic, or severe cardiopulmo- 
nary disease. No medication was taken, except for digoxin and/or 
thiazides in four patients, and no sign of infection was observed 
within 2 weeks before operation. If intraoperative bleeding ex- 
ceeded 1 L orif mobilization of the left colonic flexure was necessary, 
the patient was excluded from the study. 

All patients received diazepam, 0.2 mg/kg orally, as premed- 
ication and had general anesthesia with thiopental sodium, pan- 
curonium bromide, midazolam, fentanyl citrate (0.1 mg), succi- 
nylcholine chloride, nitrous oxide, and oxygen. The patients 
were randomized to either of two treatment regimens: conven- 
tional intermittent morphine chloride (ketobemidone plus di- 
methylaminodiphenylbuten) in doses of 10 to 15 mg every 4 to 6 
hours on request and 1 g of acetaminophen on request as post- 
operative analgesic treatment (group 1, n=9); or methylpred- 
nisolone sodium succinate (Solu-Medrol), 30 mg/kg intrave- 
nously 90 minutes before induction of anesthesia and thoracic 
epidural analgesia with plain bupivacaine hydrochloride and 
morphine hydrochloride for 48 hours combined with intrathecal 
anesthesia with 5% lidocaine hydrochloride intraoperatively plus 
100 mg of indomethacin sodium (Confortid) intravenously every 
8 hours for 96 hours beginning 1 hour before skin incision, and 
further analgesic treatment with oral indomethacin sodium, 
50 mg on request (group 2, n=11). The intrathecal anesthesia 
from T-4 to S-5 was established before induction. The intrathecal 
cathether (17 gauge) was infused with 100 to 200 mg of lidocaine 
hydrochloride, and 25 mg lidocaine hydrochloride was injected 
every 45 minutes until surgery was completed. The epidural an- 
algesia was subsequently provided, also before skin incision, 
with 8 mL of 0.5% bupivacaine hydrochloride and 4 mg of mor- 
phine chloride, and maintained for 24 hours with infusion of 0.5% 
plain bupivacaine hydrochloride, 4 mL/h, and morphine chloride, 
0.3 mg/h, followed by 0.25% plain bupivacaine hydrochloride, 4 
mL/h, and morphine chloride, 0.3 mg/h, fora further 24 hours (Phar- 
macia Deltec infusion pump, Uppsala, Sweden), followed by mor- 
phine chloride, 4 mg/8 h, for another 48 hours. Assessment of the 
sensory level of analgesia was performed by pinprick. 

Blood transfusions (SAG-M [erythrocytes suspended in sa- 
line, adenine, glucose, and for prevention of hemolysis, manni- 
tol]) were given when necessary; all patients had a bladder cath- 
eter and a nasogastric tube as routine postoperatively. 

Venous blood was drawn centrally without stasis preopera- 
tively, before and 3, 6, 12, 24, and 36 hours after skin incision, 
and 2, 4, and 8 days after surgery. The following factors were 
measured in the blood: hemoglobin, leukocytes (including dif- 
ferential cell counts), PGE,, C-reactive protein (CRP), transfer- 
rin, orosomucoid, interleukin 6 (IL-6), and tumor necrosis factor 


). 

Hemoglobin (127 to 177 g/L), total leukocytes (3.0 to 9.0x 
10°/L), and differential cell counts were measured automatically 
(Cobas Minos STX, Roche, ABX, Levallouis, France). Venous 
blood samples for acute-phase proteins and cytokines were col- 
lected and handled sterile. Samples were separated, and plasma 
and serum samples were stored at —70°C until analysis. 
C-Reactive protein was measured by a fluorescence polarization 
immunoassay (TDX, Abbott, Wokingham, Berks, England), 
which had a detection limit of 10 mg/L. Transferrin and oroso- 
mucoid were measured using immunoturbidimetric analysis on 
a centrifugal analyzer (Encore, Baker Instruments Ltd, Allen- 
town, Pa), with antiserum supplied by the Royal Hallamshire 
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Hospital, Sheffield, and Incstar Ltd, Winnersh, Berks, England. 
Reference ranges are 2 to 4 g/L for transferrin and 0.3 to 1.0 g/L 
for orosomucoid. Interleukin 6 was measured by the hybridoma 
growth stimulation assay using the mouse B-cell hybridoma 
7TD1 line.” Cell numbers were evaluated colorimetrically using 
3-(4,5-dimethylthiazol-2y1)-2-5-diphenyltetrazolium bromide 
(Thiazolyl Blue) (a tetrazolium salt cleaved by dehydrogenase 
enzymes present in living cells). Standardization was performed 
using recombinant IL-6 with a specific activity of 10° U/yg, ie, 
approximately 1 U to 1 pg. Serum samples were treated for 30 
minutes at 56°C before analysis to inactivate any inhibitors. The 
detection limit was 16 U/mL. Plasma TNF level was measured by 
immunoradiometric assay (IRE, Medgenix, Leuven, Belgium); 
the sensitivity of the assay was 15 pg/mL. For PGE, estimations, 
blood samples were collected in polyethylene tubes containing 
indomethacin (final concentration, 10 mg/L [2.9 x 10-5 mol/L}). 
Prostaglandin E, level was determined as previously described 
in detail” in 1-mL aliquots of plasma by a radioimmunologic 
method validated by gas chromatography—mass spectrometry.” 
The method included purification by extraction with 
ethylacetate-cyclohexane (1:1) and chromatography on micro- 
columns of the lipophilic molecular sieve (Sephadex LH-20, 
Pharmacia, Uppsala, Sweden) before performing the radioim- 
munoassay itself on the eluate fraction containing PGE,. The 
detection limit was 5 pg/mL. 

Rectal temperature was measured at the time of skin incision 
and 1, 2, 4, and 8 days after surgery. Pulmonary function was 
assessed by peak flow (liters per minute) using a peak flow meter 
(Pharma, Copenhagen, Denmark) and by measuring the forced 
vital capacity and forced expiratory volume in 1 second preop- 
eratively with a dry-bellow spirometer (Vitalograph, Pharma, 
Copenhagen, Denmark) and 6 and 12 hours following skin in- 
cision and 1, 2, 4, and 8 days after surgery. Pain was assessed 
by a visual analog scale? at rest and during cough, preopera- 
tively and 6 and 12 hours after skin incision, and 1, 2, 4, and 8 
days after surgery. 

Fatigue was determined by a visual analog scale”? preopera- 
tively and 1, 2, 4, and 8 days after surgery, and mobilization 
score“ was recorded preoperatively and every day postopera- 
tively. The mobilization score included daily scoring of fluid and 
food intake, bowel and bladder function, washing, mobility, and 
mental needs. 

The total amount of analgesics used and side effects were reg- 
istered for all patients. Complications were registered, and data 
from these patients were included in the analysis unless other- 
wise indicated. 

For statistical calculation, the Mann-Whitney test, the x? test, 
and the Friedmann test were used when appropriate. The 
Friedmann test was used to evaluate and compare the overall 
response with time. We considered P<.05 significant. 


RESULTS 


Five patients were excluded, two because of excessive 
bleeding (>1 L), two because of excessive surgery due to 
tumor invasion, and one because of no tumor at opera- 
tion. Hence, 20 patients constituted the study group, nine 
in group 1 and 11 in group 2. The Table shows that the 
patients were comparable with regard to sex, age, body 
weight, height, type of operation, duration of surgery, 
and blood loss. All patients who had a low anterior resec- 
tion procedure performed had two or more blood trans- 
fusions during the study period. No intergroup differ- 
ences were noted in values of leukocyte counts, acute- 
phase proteins, cytokines, and PGE, between patients 
receiving and patients not receiving blood transfusions. 


Pain 


As seen in Fig 1, the patients in group 2 were free of pain 
during the study, at rest and on coughing. The patients 
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Comparison of Clinical Data and Complications in 20 
Patients With Colonic Surgery* 


Group 1 










Group 2 
(n=11) 


Clinical Data 
















Sex, F/M 4/5 6/5 
Age, Yy 69 (67-74) 75 (67-79) 
Weight, kg 72 (45-90) 66 (54-89) 
Height, cm 175 (150-180) 165 (150-184) 


Duration of surgery, min 149 (105-170) 135 (95-210) 
Bleeding, ml 550 (200-1000) 650 (250-1000) 
Blood transfusions 0 (0-2) 2 (0-4) 
Operative procedure 

Low anterior resection 2 5 

Sigmoid resection 7 6 
Day of first stool passage 6 (3-9) 5 (2-10) 


1D (10-81) 
Complications 


11 (9-21) 








Day of discharge 






Anastomotic leakage 1 1 
Wound dehiscence D 2 
Pneumonia 2 0 





Total 


*Values are median (range). For definition of groups, see text. No 
significant intergroup changes occurred for any measure. 


in group 1 had significantly more pain during the post- 
operative course (P<.001). 


Leukocytes (Granulocytes and Lymphocytes) 


Significant granulocytosis (P<.001, Fig 2) was observed 
in both groups, without difference between groups. 
Lymphopenia was found in both groups, being earlier 
and more pronounced in group 2 (P<.01) than in group 
1 (P<.05, Fig 2). 


Acute-Phase Proteins 


Serum CRP level increased in both groups following 
surgery (P<.01), and the increase was more pronounced 
in group 1 than in group 2 (P<.05, Fig 2). Plasma oroso- 
mucoid values increased in both groups (P<.01), without 
difference between the groups. Plasma transferrin level 
decreased in both groups following surgery (P<.01 in 
group 2 and P<.05 in group 1, Fig 2). 


Cytokines 

Serum IL-6 value increased in both groups (P<.01 in 
group 2, P<.001 in group 1), and the increase was signif- 
icantly higher in group 1 (P<.01). Serum IL-6 level 
returned to normal within 24 hours in group 2, whereas 
IL-6 level was increased throughout the study period in 
group 1 (Fig 2). Tumor necrosis factor was not detectable 
in the serum in any of the four patients in whom it was 
measured (two in each group). 


Prostaglandin E, 

Plasma PGE, level decreased in group 2 (P<.05) and 
increased insignificantly in group 1 within the first 24 
postoperative hours (Fig 2). No intergroup difference was 
observed. 
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Fig 1.—Results of pain score at rest and during coughing in 20 pa- 
tients following colonic resection. Each point represents the me- 
dian value cf the observations in each group for intermittent mor- 
phine chlonde and acetaminophen on request (n=9, solid circles) 
and preoperative methylprednisolone sodium succinate plus epi- 
dural analgesia and indomethacin sodium (n=11, open circles); 
P<.001 between groups in both situations. 


Temperature 


The rec-al temperature increased in group 1 (P<.001), 
whereas ro increase was observed in group 2 (Fig 2). 


Pulmonary Function 


Assessment of pulmonary function was possible in sig- 
nificantly more patients in group 2 after 6 hours (P<.05), 
as eight patients were able to cooperate in this group, 
compared with only three patients in group 1. A decrease 
in peak flew was observed in both groups (P<.01) but was 
less pronounced in group 2 (P<.01, Fig 3). Forced vital 
capacity and forced expiratory volume in 1 second de- 
creased in both groups (P<.001), and no intergroup dif- 
ferences were observed, although the decrease was more 
pronounced in group 1 (Fig 3). 


Conwalescence (Fatigue and Mobilization Score) 


Fatigue increased in both groups following surgery 
(P<.01), but patients in group 2 were less fatigued than 
patients in group 1 (P<.05, Fig 3). Mobilization score in- 
creased significantly in both groups (P<.001) and re- 
turned to the preoperative level on the fifth postoperative 
day in group 2 and on the eighth postoperative day in 
group 1, but without intergroup differences (Fig 3). 
However. ambulatory function, ie, washing and mobility, 
was less affected in group 2 (P<.05). 


Analgesic Intake 


The median morphine chloride intake in group 1 was 
175 mg (tange, 90 to 250 mg), and the corresponding ac- 
etaminorhen intake was 3 g (range, 1 to 12 g). The median 
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Fig 2.— Changes in rectal temperature, prostaglandin E, (PGE) level, blood leukocyte count, acute-phase protein levels, and interleukin 6 
value in 20 patients following colonic resection. CRP indicates C-reactive protein. Each point represents the median value of observations 
in each group for intermittent morphine chloride and acetaminophen on request (n= 9, closed circles) and preoperative methylprednisolone 
sodium succinate plus epidural analgesia and indomethacin sodium (n= 11, open circles); P>.05 between groups except changes in rectal 
temperature, lymphocytes, CRP, and interleukin 6 (P<.001, P< .01, P<.05, and P<.01, respectively). 


lidocaine hydrochloride dose was 175 mg (range, 150 to 
250 mg). The median bupivacaine hydrochloride infusion 
dose was 480 mg (range, 480 mg) on the first postopera- 
tive day and 240 mg (range, 240 mg) on the second day. 
The sensory level was stable for T4-L1 in the first 48 hours 
in all patients in group 2. The median epidural morphine 
chloride dose was 48 mg (range, 40 to 48 mg), and the 
median indomethacin sodium dose was 1350 mg (range, 
1050 to 1550 mg). In two patients, nausea was observed 
and attributed to morphine, and in three patients, nausea 
from indomethacin resulted in cessation or reduction of 
dose. 


Complications 


As shown in the Table, six complications developed in 
five patients, without significant differences between 
groups. Two cases of wound dehiscence occurred in 


group 2. 
COMMENT 


In this study, the principal findings were that preoper- 
ative methylprednisolone combined with neural blockade 
and systemically administered indomethacin eliminated 
pain and hyperthermic response and improved pulmo- 
nary function and convalescence following colorectal 
surgery. These results confirm the findings in an earlier 
uncontrolled study after cholecystectomy. Furthermore, 
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our results showed that the PGE), IL-6, and a part of the 
acute-phase protein response could be inhibited by com- 
bined humoral and neural blockade. The modifying effect 
of combined glucocorticoid, indomethacin, and neural 
blockade on the global stress response to surgery seems 
to be more efficient than with neural blockade alone™ or 
indomethacin plus neural blockade.” However, the spe- 
cific role of the new and very intense neural blockade used 
in this study cannot be answered, although in combina- 
tion with piroxicam it may be effective on pain and the 
adrenocortical response.” 

Glucocorticoids may enhance the organism’s defense 
mechanisms following trauma by reducing a sustained or 
amplified release of potential harmful mediators such as 
cytokines and AA metabolites.” A single high dose of 
methylprednisolone, injected 90 minutes before surgery, 
ensured that the metabolic effect of the glucocorticoid was 
initiated before and maintained during surgery.”** 

Addition of methylprednisolone to the extensive peri- 
operative and postoperative neural blockade, and addi- 
tion of indomethacin, resulted in complete pain relief, 
thereby confirming our earlier preliminary observations. 8 
This effect may be attributed to the anti-inflammatory ef- 
fects of glucocorticoid and indomethacin, leading to 
decreased liberation of various substrates involved in pain 
sensation and postoperative hyperalgesia,” and/or to 
the use of the intensive intraoperative neural blockade.” 
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STERILE & INJECTION 
a ran l 


(cefotaxime sodium)’ 


INDICATIONS AND USAGE 


Treatment 
Claforan is indicated for the treatment of patients with serious infections caused by susceptible strains of the 
designated microorganisms in the diseases listed below. 
(1) Lower respiratory tract infections, including pneumonia, caused by Streptococcus pneumoniae (for- 
merly Diplococcus pneumoniae), Streptococcus pyogenes’ ( Group A streptococci) and other streptococci 
(excluding enterococci, e.g., Streptococcus faecalis), Staphylococcus aureus (penicillinase and non-penicilli- 
nase producing), Escherichia coli, Klebsiella species, Haemophilus influenzae ( including ampicillin-resistant 
strains), Haemophilus | ag ag Proteus mirabilis, Serratia marcescens,’ Enterobacter species, indole- 
positive Proteus, and Pseudomonas species (including P. aeruginosa). 
(2) Genitourinary infections. Urinary tract infections caused by Enterococcus species, Staphylococcus 
epidermidis, Staphylococcus aureus’ (penicillinase and non-penicillinase producing), Citrobacter species, 
nterobacter species, Escherichia coli, Klebsiella species, Proteus mirabilis, Proteus vulgaris,’ Proteus 
inconstans Group B, Morganella morganii,t Providencia rettgeri,t Serratia marcescens, and Pseudomonas 
species (including P. aeruginosa). Also, uncomplicated gonorrhea of single or multiple sites caused by 
Neisseria gonorrhoeae, including penicillinase producing strains. 
(3) Gynecologic infections, including pelvic inflammatory disease, endometritis and pelvic cellulitis 
Caused by Staphylococcus epidermidis, Streptococcus jot Enterococcus species, Enterobacter species, 
Klebsiella species,’ Escherichia coli, Proteus mirabilis, Bacteroides species ( including Bacteroides fragilis’), 
Clostridium species, anaerobic cocci (including Peptostreptococcus species and Peptocaccus species), and 
Fusobacterium species (including F. nucleatum’). 
(4) Bacteremia/Septicemia caused by Eschecichia coli, Klebsiella species, Serratia marcescens. 
Staphylococcus aureus, and Streptococcus spacies (including S. pneumoniae). 
(5) Skin and skin structure infections caused by Staphylococcus aureus (penicillinase and non-penicil- 
linase producing), Staphylococcus epidermidis, Streptococcus pyogenes (Group A streptococci) and other 
Streptococci, Enterococcus species, Acinetobacter species, Escherichia coli. Citrobacter species (including 
C. freundii'), Enterobacter species, Klebsiella species, Proteus mirabilis, Proteus vulgaris,’ Morganella mor- 
ganii, Providencia rettgeri,’ Pseudomonas species, Serratia marcescens, Bacteroides species, and anaerobic 
cocci (including Peptostreptococcus' species and Peptococcus species). 
(6) Intra-abdominal infections, including peritonitis caused by Streptococcus species,’ Escherichia coli, 
Klebsiella species, Bacteroides species, anaerobic cocci (including Peptostreptococcus' species and 
Peptococcus' species), Proteus mirabilis, and Clostridium species.’ 
(7) Bone and/or joint infections caused by Staphylococcus aureus (penicillinase and non-penicillinase 
producing strains), Streptococcus species (including S. pyogenes’), Pseudomonas species (including P. 
aeruginosa’), and Proteus mirabilis.’ 
(8) Central nervous system infections, e.g., meningitis and ventriculitis, caused by Neisseria meningi- 
tidis, Haemophilus influenzae, Streptococcus pneumoniae, Klebsiella pneumoniae,’ and Escherichia coli. 
‘Efficacy for this organism, in this organ system, has been studied in fewer than 10 infections. 

Although many strains of enterococci (e.g., S. faecalis) and Pseudomonas species are resistant to cefo- 
taxime sodium in vitro, Claforan has been used successfully in treating patients with infections caused by 
susceptible iA nl cli 

Specimens for bacteriologic culture should be obtained prior to therapy in order to isolate and identify 
Causative organisms and to determine their susceptibilities to Claforan. Therapy may be instituted before re- 
Sults of susceptibility studies are known; however. once these results become available, the antibiotic treat- 
ment should be adjusted accordingly. 

In certain cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, Claforan may be used concomi- 
tantly with an aminoglycoside. The dosage recommended in the labeling of both antibiotics may be given and 
depends on the severity of the infection and the patient's condition. Renal function should be carefully moni- 
tored, especially if higher dosages of the aminoglycosides are to be administered or if ekg is prolonged, 
because of the potential nephrotoxicity and ototoxicity of aminoglycoside antibiotics. Some 8-lactam antibi- 
otics also have a certain degree of nephrotoxicity. Although, to date, this has not deen noted when Claforan 
was given alone, it is possible that nephrotoxicity may be potentiated if Claforan is used concomitantly with 
an aminoglycoside. 

Prevention 

The administration of Clatoran preoperatively reduces the incidence of certain infections in patients undergo- 
ing surgical procedures (e.g., abdominal or vagina! hysterectomy, gastrointestinal and genitourinary tract 
delet that may be classified as contaminated orpotentially contaminated. 

In patients undergoing cesarean section, intraoperative (after clamping the umbilical cord) and postopera- 
tive use of Claforan may also reduce the incidence of certain postoperative infections. (See DOSAGE AND 
ADMINISTRATION section.) 

Effective use for elective surgery depends on the time of administration. To achieve effective tissue levels, 
Claforan should be given 1⁄2 to 11/2 hours before surgery. (See DOSAGE AND ADMINISTRATION sec- 
tion.) 

For patients undergoing gastrointestinal surgery. preoperative bowel preparation by mechanical cleansing 
as well as with a non-absorbable antibiotic (e.g.. neomycin) is recommended. 

If there are signs of infection, specimens for culture should be obtained for identification of the causative 
Organism so that ae therapy may be instituted. 

NTRAINDICATIONS 
Claforan is contraindicated in patients who have shown hypersensitivity to cefotax me sodium or the 
cephalosporin group of antibiotics. 
WARNINGS 
BEFORE THERAPY WITH CLAFORAN IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DETER- 
MINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOTAXIME 
SODIUM, CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN 
WITH CAUTION TO PATIENTS WITH TYPE | HYPERSENSITIVITY REACTIONS TO PENICILLIN. ANTIBIOTICS 
SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM 
OF ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC REACTION TO CLAFORAN OCCURS. DISCON- 
TINUE TREATMENT WITH THE DRUG. SERIOUS KYPERSENSITIVITY REACTIONS MAY REQUIRE 
EPINEPHRINE AND OTHER EMERGENCY MEASURES. 
Pseudomembranous colitis has been reported with the use of cephalosporins (and other 
broad spectrum antibiotics); therefore, it is important to consider its diagnosis in patients 
who develop diarrhea in association with antibiotic use. 

Treatment with broad spectrum antibiotics alters normal flora of the colon and may permit overgrowth of 
clostridia. Studies indicate a toxin produced by Clastridium difficile is one primary cause of antibiotic-asso- 
ciated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin jn vitro. 

Mild cases of colitis may respond to drug discontinuance alone. 

Moderate to severe cases should be managed with fluid, electrolyte, and protein supplementation as indi- 
cated. 

When the colitis is not relieved by drug discontinuance or when it is severe, oral vancomycin is the treat- 
ment of choice for antibiotic-associated pseudomembranous colitis produced by C. difficile. Other causes of 
Colitis should also be considered. 

PRECAUTIONS 
Claforan should be prescribed with caution in individuals with a history of gastrointestinal disease, particu- 
larly colitis. 

Caforan has not been shown to be nephrotoxic; however. because hiah and orolonaed serum antihiotic 


concentrations can occur from usual doses in patients with transient or persistent reduction of urinary outpu 
because of renal insufficiency, the total daily dosage should be reduced when Claforan is administered to 
such patients. Continued dosage should be determined by degree of renal impairment, severity of infection, 
and Susceptibility of the causative organism. 

Although there is no clinical evidence supporting the necessity of changing the dosage of cefotaxime ~ 
Sodium in patients with even profound rena! dysfunction, it is Suggested that, until further data are obtained, 
the dose wf cefotaxime sodium be halved in patients with estimated creatinine Clearances of less than 20 
mL/min/*.73 m’. 

_ When enly serum creatinine is available, the following formula (based on sex, weight, and age of the pa- 
tient) may be used to convert this value into creatinine clearance. The serum Creatinine should represent a 
Steady stæe of renal function. 


Males: Weight (kg) x (140 — age) 
72 x serum creatinine 
Females: 0.85 x above value 


As withsother antibiotics, prolonged use of Claforan may result in overgrowth of nonsusceptible organism: 
Repeated evaluation of the patient's condition is essential. If superinfection occurs during therapy, appropriat 
measures should be taken. 

As witheother beta-lactam antibiotics, granulocytopenia and, more rarely, agranulocytosis may develop 
during treatment with Claforan, particularly if given over long periods. For courses of treatment lasting longe 
than 10 days, blood counts should therefore be monitored. 

Drug Interactions: Increased nephrotoxicity has been reported following concomitant administration of 
cephalosporins and aminoglycoside antibiotics. 

Carcinogenesis, Mutagenesis: Long-term studies in animals have not been performed to evaluate car- 
Cinogenic potential. Mutagenic tests included a micronucleus and an Ames test. Both tests were negative for 
mutageniceffects. 

Pregnaney (Category B): Reproduction studies have been performed in mice and rats at doses up to 30 
times the usual human dose and have revealed no evidence of impaired fertility or harm to the fetus paris 
of cefotaxime sodium. However, there are no well-controlled studies in pregnant women. Because animal re- 
productivesstudies are not always predictive of human response, this drug should be used during pregnancy 
only if clearly needed. 

Nonterategenic Effects: Use of the drug in women of childbearing potential requires that the anticipated 
benefit be weighed against the possible risks 

In perinatal and postnatal studies with rats, the pups in the group given 1200 mg/kg of Claforan were sig- 
nificantly lighter in weight at birth and remained smaller than pups in the control group during the 21 days of 
nursing. 
Nursing Mothers: Claforan is excreted in human milk in low concentrations. Caution should be exercised 
when Clafcran is administered to a nursing woman. 
Pediatric Use: The potential for toxic effects in children from chemicals that may leach from the plastic in 
single dose Viaflex* Plus containers (premixed Claforan Injection) has not been determined. 
ADVERSE REACTIONS 
Claforan is generally well tolerated. The most common adverse reactions have been local reactions following 
IM or IV injection. Other adverse reactions have been encountered infrequently. 
The most frequent adverse reactions (greater than 1%) are: 
ae (4.3%) — Injection site inflammation with IV administration. Pain, induration, and tenderness after 
IM injection. 

4 Ld dee ace — Rash, pruritus, fever, and eosinophilia. 

Gastrointestinal (1.4%) - Colitis, diarrhea, nausea, and vomiting. 
Symptoms of pseudomembranous colitis can appear during or after antibiotic treatment. 

Nausea and vomiting have been reported rarely. 
Less frequent adverse reactions (less than 1%) are: 

Hematologic System — Neutropenia, transient leukopenia, eosinophilia, thrombocytopenia and agran- 
ulocytosis have been reported. Some individuals have developed positive direct Coombs Tests during treat- 
ment with Ciaforan and other cephalosporin antibiotics. Rare cases of hemolytic anemia have been reported. 

Genitourinary System - Monilias's. vaginitis. 

Central Nervous System - Headache. 

Liver- Transient elevations in SGOT, SGPT, serum LDH, and serum alkaline phosphatase levels have 
been reported. 

Kidney- As with some other cephalosporins, transient elevations of BUN have been occasionally ob- 
served with Claforan. 
oe AND ADMINISTRATION 

ults 
Dosage and'route of administration should be determined by susceptibility of the causative organisms, sever- 
ity of the infection, and the condition of the patient (see table for dosage guidelines). Claforan may be admin- 
istered IM or IV after reconstitution. Premixed Claforan Injection is intended for IV administration after thaw- 
ing. The maximum daily dosage should not exceed 12 grams. 


GUIDELINES FOR DOSAGE OF CLAFORAN 


Daily 
Dose 
Type ef Infection (grams) Frequency and Route 
Gonorrhea 1 1 gram IM (single dose) 
Uncomplicated infections 2 1 gram every 12 hours IM or IV 
Moderate to severe infections 3-6 1-2 grams every 8 hours IM or IV 


Infections commonly needing 

antibiotics in higher dosage 

(€.g., septicemia) 6-8 2 grams every 6-8 hours IV 
Life-threatening infections up to 12 2 grams every 4 hours IV 


To prevent postoperative infection in contaminated or potentially contaminated surgery, the recommended 
dose is a single 1 gram IM or IV administered 30 to 90 minutes prior to start of surgery. 
Cesarean Section Patients 
The first dose of 1 gram is administered intravenously as soon as the umbilical cord is clamped. The second 
and third doses should be given as 1 gram intravenously or intramuscularly at 6 and 12 hours after the first 
dose. 
Neonates, infants, and Children 
The following dosage schedule is recommended: 
Neonates (bith to 1 month): 

0-1 week of age 50 mg/kg IV q12h 

1-4 weeks of age 50 mg/kg IV g8h 
It is not necessary to differentiate between premature and normal-gestational-age infants. 
Infants and Children (1 month to 12 years): For body weights less than 50 kg, the recommended daily dose is 
50 to 180 mg/kg of body weight IM or IV divided into four to six equal doses. The higher dosages should be 
used for more severe or serious infections, including meningitis. For body weights 50 kg or more, the usual 
adult dosage should be usec; the maximum aa dosage should not exceed 12 grams. 
ee Renal Function - see PRECAUTIONS section. 
NOTE: As with antibiotic therapy in general. administration of Claforan should be continued for a minimum of 
48 to 72 hours after the patient defervesces or after evidence of bacterial eradication has been obtained; a 
minimum of 70 days of treatment is recommenced for infections caused by Group A beta-hemolytic strepto- 
cocci in order to guard against the risk of rheumatic fever or glomerulonephritis; frequent bacteriologic and 
Clinical apprassal is necessary ane therapy of chronic urinary tract infection and may be required for several 
months after therapy has been completed, persistent infections may require treatment of several weeks and 
doses smaller than those indicated above should not be used. 
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Fig 3.— Changes in fatigwe score, mobilization, and pulmonary function (peak flow, forced vital capacity [FVC], and forced expiratory vol- 
ume in 1 second [FEV,]) in 20 patients following colonic resection. Each point represents the median value of observation in each group 
for intermittent morphine-chloride and acetaminophen on request (n= 9, closed circles) and preoperative methylprednisolone sodium suc- 
cinate plus epidural analgesia and indomethacin sodium (n= 11, open circles); P>.05 between groups except changes in fatigue score and 


peak flow (P<.05 and P<.01, respectively). 


The hyperthermic response. which mainly is attributed 
to cytokine-induced PGE, liberation in the hypothala- 
mus,” was abolished and, therefore, suggests that com- 
bined methylprednisclone and indomethacin may lead to 
a more complete inhibition of PGE, synthesis than in- 
domethacin alone,” probably because both AA metab- 
olization and cytckine liberation are inhibited by 
glucocorticoids.” 

Pulmonary function, as assessed by changes in peak 
flow, was less affected in group 2 but not kept at preop- 
erative levels, confirming that optimal pain treatment 
does not necessarily prevent postoperative decrease in 
pulmonary function.” The reduction in pulmonary func- 
tion was not induced by the epidural regimen itself, as 
thoracic epidural analgesia has no or only minor influence 
on peak flow, forced expiratery volume in 1 second, and 
forced vital capacity.** We and others have previously 
reported some bene‘icial effect from epidural analgesia on 
pulmonary function following surgery,” with further 
improvement by mechylprecnisolone.”* This effect may 
be mediated through inhibition of substances with 
respiratory-depressant activities (leukotrienes, 
complement-activation products, etc). 

The postoperative increasein fatigue score was reduced 
faster in group 2, in accordance with our observations in 
cholecystectomized patients.™ There was, however, only 
an insignificant trend toward improved mobilization 
score. However, this score is an integrated score of care 
dependencies (drains, bladder catheter, tubes, etc), and it 
is our impression that the actual ambulation was im- 
proved by the bupivacaine-morphine-indomethacin reg- 
imen. There was no difference in the number of compli- 
cations in the two groups, which was not unexpected, 
because the number of patients in the two groups was 
small. One might, however, speculate as to whether the 
two cases of wound dehiscence were caused by the glu- 
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cocorticoid. Although a single high dose seems to be 
without side effects,“ an effect on wound healing obvi- 
ously cannot be excluded. However, as dehiscence oc- 
curred early (4 to 6 days), wound healing is not the most 
important factor compared with the surgical suture tech- 
nique, and we speculate that the more rapid mobilization 
may instead have been of importance. 

Plasma PGE, level increased insignificantly in group 1, 
but it decreased in group 2, in accordance with the 
expected effects of indomethacin and glucocorticoid. 83 
However, plasma prostaglandin level should be inter- 
preted with caution, because prostaglandins are easily 
synthesized in vitro during collection of conventional 
blood samples. Although indomethacin was added to the 
test tubes to diminish this in vitro production, this 
precaution does not necessarily ensure a basal prostaglan- 
din level sufficiently suppressed to uncover the biologic 
variations. 

The changes in blood leukocyte counts in this study are 
in accordance with our earlier observations™ and may 
partly be explained by the trauma and by methylpred- 
nisolone itself.“ The mechanism of trauma-induced leu- 
kocytosis is not clear, and neural blockade, indomethacin, 
and other humoral blockers have no important modifying 
effect. 1832 However, the cytokines IL-1 and TNF may be 
of importance. “5 

C-Reactive protein change was inhibited in group 2, but 
other acute-phase protein changes were not. This was 
probably due to the diminished IL-6 secretion in this 
group, as IL-6 seems to be the most important cytokine to 
induce posttraumatic acute-phase protein changes,” al- 
though other cytokines such as IL-1 and TNF may also 
participate.” The reduced IL-6 response in group 2 may 
be explained by the preoperative methylprednisolone in- 
fusion, as glucocorticoids inhibit cytokine secretion.*” 
However, apparently a single dose could only reduce but 
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not prevent the response. Neural blockade with or with- 
out indomethacin has no modifying effect on acute-phase 
protein changes after surgery, despite inhibition of the 
adrenocortical response.” It is interesting to note the 
difference of the response of orosomucoid and CRP in the 
two groups of patients. The lack of any reduction in the 
orosomucoid response is similar to what we previously 
observed in malnourished and surgical patients. 171858 
This suggests that different mediators are involved in the 
CRP response and the orosomucoid response to surgery. 

Our previous studies have shown that circulating IL-1 
and TNF are rarely present following elective surgery. 
This was confirmed in the present study, where TNF 
could not be detected following colonic surgery, and in- 
creased levels of TNF have so far only been reported dur- 
ing septic shock or severe bacterial infections.***! How- 
ever, the biologic activity of TNF may be related to the tissue 
concentration and to interaction with other humoral medi- 
ators” not detected by plasma measurements. 


CONCLUSION 


Our results confirm our previous uncontrolled obser- 
vations in cholecystectomized patients'® toward an addi- 
tive modifying effect on the systemic response after elec- 
tive surgery by preoperative methylprednisolone 
together with epidural analgesia and indomethacin. One 
can only speculate on the potential clinical effects, since 
no other clinical studies are available. However, the com- 
bined effect of nonsteroidal anti-inflammatory drugs and 
glucocorticoids has been investigated in a few experimen- 
tal studies in endotoxemia with favorable effects. The 
potential role of a preinjury pharmacologic dose of gluco- 
corticoid to modify unwarranted effects of the systemic 
response to elective surgery should therefore be explored 
in further controlled clinical studies including an empha- 
sis on potential side effects of such intervention. 


This work was supported by a grant from The Jubilee Foundation, 
Rigshospitalet, Copenhagen, Denmark. 
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M: J. GARROTT ALLEN, MD 


The ARCHIVES regrets to announce the death on January 10, 1992, of J. Gar- 
rott Allen, MD, professor emeritus of surgery at Stanford University and 
former editor of the ARCHIVES. Dr Allen was appoirted to the chair at Stan- 
ford in 1959 and served as professor of surgery through 1977. He initially ob- 
served that the serum hepatitis virus in plasma could be inactivated by stor- 
ing it at room temperature for 6 months. 

A native of Elkins, WVa, Dr Allen attended Elkins College, where his fa- 
ther was president. He received his AB degree from Washington University, 
St Louis, Mo, in 1934 and his MD degree from Harvard University in 1938. 
After completing his internship and residency at the University of Chicago, 
he was appointed to the faculty and in 1951 became professor of surgery. Dr 
Allen was a senior author of Surgery: Principles and Practice. In addition to be- 
ing the chief editor of the ARCHIVES (1962 to 1970), he served on the editorial 
boards of Surgery, The Journal of Surgical Research, ard Transfusion. Dr Allen 
is survived by his wife, Kathryn, and five children. 
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‘As doctors, if we do the right thing at the right time, 
we can make a difference: 


Dr. Kenneth A. Haller, Pediatrician, East St. Louis, Illinois, Member, American Medical Association 


You are invited to join Dr. Haller and to join with 
him n his efforts to bring quality health care to those 
in need. To become a member of the AMA, call our 
toll-free number now. 1-800-AMA-3211. 


In one of the nation’s poorest communities, Dr. 
Kenneth Haller is working not only to save children’s 
lives, but to bring dignity to the lives of their parents. 

He is the type of physician who brings distinction 
to our profession. He is the type of physician who 
upholds the highest ideals of medicine. He is also a 
member of the American Medical Association (AMA). 

“I read the Principles of Medical Ethics of the AMA 
and was impressed by it. I'm proud to be a member,” 
says Dr. Haller. 


American Medical Association 


Physic-ans dedicated to the health of America 
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Improvement in Outcome From Trauma Center Care 


Howard R. Champion, FRCS(Edin); William J. Sacco, PhD; Wayne S. Copes, PhD 


è Survival and death outcomes for patients with blunt in- 
juries treated at one urban hospital were evaluated during 
a 6-year period of increasing commitment to trauma care, 
as evidenced by the construction of a resuscitation facility 
with integrated operating rooms. Patient survival, when 
controlled for severity mix, showed a trend of improvement 
during the study period. Improvement in survival outcome 
was more notable after the opening of the trauma resusci- 
tation facility and ameng the more severely injured. When 
data from years 1 and 2 combined were compared with 
those from years 5 and 6, a statistically significant difference 
in survival was found, with an average of 13.44 more sur- 
vivors per 100 patients treated per year with Injury Sever- 
ity Scores greater than 15. 
(Arch Surg. 1992;127:333-338) 


rauma is the leading cause of death for people younger 
than 44 years, and it kills more Americans from ages 
1 to 34 years than all diseases combined.' Each year more 
than 160000 deaths occur from injury and more than 
300000 persons are permanently disabled by injury. 
Studies beginning in the 1950s focused national attention 
on the trauma death epidemic and the need for better 
care.2!! Most of those studies concluded that many 
in-hospital trauma deaths were preventable. 

Numerous studies have shown that reductions in mor- 
tality are associated with the establishment of trauma 
centers and systems of care.'*'* However, no study, to our 
knowledge, has documented the longitudinal effective- 
ness of in-hospital trauma center care in a diverse group 
of seriously injured patients or the association with the 
institution’s commitment to trauma care. To examine 
these issues, we analyzed the injury severities and 
survival/death outcemes of consecutive patients with 
blunt injuries treated in the trauma service of a metropol- 
itan level I trauma center during a 6-year period from 1977 
through 1982. 


MATERIALS AND METHODS 
Institutional Characteristics 


The trauma service is part of a 907-bed teaching hospital in 
Washington, DC. Before 1977, there was no hospital trauma 
service and no trauma system in the District of Columbia. Late 
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in 1976, plans were laid for a trauma service that would be part 
of the Department of Surgery. A trauma service and trauma team 
response were implemented in 1977. Until 1979, “triage” guide- 
lines’ were used to identify seriously injured patients entering 
the emergency department and to mobilize the trauma team. 
Patients requiring surgery were transported to the operating 
room four floors away. In 1979, a special trauma-receiving facil- 
ity opened that had state-of-the-art resuscitative and operative 
capabilities, although the trauma team and system were re- 
tained. Also in 1979, a regional trauma care system was 
instituted in the District of Columbia. That system had desig- 
nated trauma centers and triage guidelines (the same used from 
1977 to 1979 to mobilize the hospital trauma team), to aid 
prehospital personnel to determine which patients would be 
taken directly from the injury scene to trauma centers. 


Data 


Data for this study came from the hospital’s trauma registry, 
which was instituted in January 1977. Trauma center admission 
values of Trauma Score variables were assessed and recorded 
for each trauma patient, including persons who were dead on 
arrival. During hospitalization, nurse research assistants ob- 
tained injury descriptions from patient charts and conferences 
with the attending trauma surgeons. Detailed autopsies were 
performed by District of Columbia medical examiners on all pa- 
tients who died. The resulting injury descriptions were recorded 
in the trauma registry. Research assistants used consistent con- 
ventions to code injury descriptions into the 1976 version of the 
Abbreviated Injury Scale.” Injury Severity Scores (ISSs)'* were 
calculated by computer. 

Two sets of patients with blunt injuries were considered; set 
1 included all survivors having hospital lengths of stay of 1 day 
or more and all deaths, and set 2 included all survivors with ISSs 
greater than 15 and all deaths. 

Patients with penetrating injuries were not analyzed because 
the Abbreviated Injury Scale was designed for assessment of 
blunt injury. 


Statistical Methods 


Survival Probability Norms. —For patients in each set, math- 
ematical norms based on data from the entire study period were 
used to relate injury severity to survival probability (P,). 
The form of the norms is the following logistic function: 
P,=1/(1+e-5). 

For patients with all variables required by TRISS” (called 
TRISS patients), B=bp+b,(RTS)+b.(ISS)+b;(age), where RTS” is 
the patient’s Revised Trauma Score on emergency department 
admission (Table 1). Age was assigned a value of 0 if the patient 
was less than 55 years old; otherwise it was 1. 

However, one or more physiologic variable values were not 
recorded for some patients. For example, respiratory rate and 
Glasgow Coma Scale scores cannot be obtained for patients ar- 
riving intubated and paralyzed. To include those patients in this 
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Table 1.—Revised Trauma Score (RTS)* : 
SBP, mm Hg RR/min Coded Value 











*RTS = 0.9368(G) + 0.7326(S) + 0.2908(R), where G, S, and Rare the 
coded values of the Glasgow Coma Scale (GCS), systolic blood 
pressure (SBP), and respiratory rate (RR). 


analysis, norms based only on ISS and age were derived. In the 
norms for these patients (called [SS/age patients), 
B=cy+c,(ISS) +¢,(age). 

For TRISS patients, model coefficients were determined by lo- 
gistic regression” of data from all patients from 1977 through 
1982 who had all data required by TRISS in each of sets 1 and 2. 
Set 1 (set 2) ISS/age model coefficients were derived from data 
forall set 1 (set 2) patients with ISS and age (including those used 
in the development of TRISS coefficients). 

Norm performance in correctly estimating survival probability 
was evaluated by means of several measures of survival/death 
discrimination and one measure of predictive reliability. The 
discrimination measures were disparity, the difference between 
the average survival probabilities for survivors (P,[L]) and for 
nonsurvivors (P,[disparity]), and the relative information gain. 
Relative information gain is a measure of index discrimination 
relative to an infallible predictor of survival or death.” Both dis- 
parity and relative information gain range from zero to one; 
larger values indicate better discrimination of survivors from 
nonsurvivors. The false-positive rate is the percentage of survi- 
vors with P, less than 0.5. The false-negative rate is the percent- 
age of nonsurvivors whose P, exceeds 0.5. The misclassification 
rate is the percentage of all patients misclassified by the decision 
rule predicting survival (death) for patients with P, greater than 
or equal to (less than) 0.5. The Hosmer-Lemeshow (H-L) statis- 
tic measures predictive reliability by comparing the expected 
with the actual numbers of survivors and deaths in each of 10 
equal intervals on the survival probability scale. The H-L is dis- 
tributed approximately as x? with 8 df. Values of H-L less than 
15.5 indicate a statistically good fit at the .05 level of significance. 

Yearly Comparison Methods.—The average ISS was used to 
describe the injury severity of set 1 patients by year. The z and 
W statistics“ compared patient outcomes by year of admission 
with the predictions of norms based on the entire study period. 
The z statistic compares the actual number of survivors (A) ina 
study sample with the number expected (E) from norms for a set 
of patients with equivalent injury severities. The z value is the 
ratio (A — E)/S; E = =P, where P; is the survival probability for the 
ith patient in the study population as determined from the TRISS 


or ISS/age outcome norm. S=P;(1—P;) is a scale factor that 
measures statistical variation. The z value is positive or negative 
depending on whether the actual number of survivors in the 
study sample, A, is greater than or less than E, the number pre- 
dicted by the norm. Absolute values of z greater than 1.96 indi- 
cate that differences between A and E are statistically significant 
(P<.05). 

Nonsignificant z scores can result from small sample sizes for 
which z has limited statistical power” or from outcomes that are 
indistinguishable from the norm. For large samples, highly sig- 
nificant z values can result from slight and clinically insignificant 
departures from norm expectations. Thus, clinical significance 
cannot be inferred from the magnitude of statistically significant 
z scores alone. For clinical perspective, z is augmented with a 
second statistic, W: W= (A — E)/(n/100), where A and E are as 
defined for z and n is the number of patients in the yearly sam- 
ple. More simply, W is the average increase (decrease) in the 
number of survivors per 100 patients treated, when compared 
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Year 





No. of Patients 


Average ISS 


Fig 1.— Yearly numbers of patients and average Injury Severity Score 
(ISS) in set 1. 


with norm expectations. Values of Ware statistically significantly 
different from 0 only when z is. 


RESULTS 


Figure 1 gives yearly numbers of set 1 patients (survi- 
vors with hospital stays >1 day and deaths) and their av- 
erage ISS values. Figure 2 gives the yearly numbers of set 
2 patients (survivors with ISS>15 and deaths) among set 
1 patients and the proportion of set 1 patients that they 
represent. 

Table 2 gives logistic function coefficients and predic- 
tive evaluation measures for TRISS patients from sets 1 
and 2. The disparities of 0.68 and 0.59 and the relative in- 
formation gain values of 0.82 and 0.72 indicate excellent 
discrimination between survivors and nonsurvivors in 
both sets. The H-L values of 6.0 and 19.4 indicate a sta- 
tistically good fit for set 2 TRISS patients and nearly so for 
TRISS patients in set 1. 

Table 3 presents coefficients and evaluation results for 
the ISSsage patient predictive models. A comparison be- 
tween Tables 2 and 3 of the relative information gain and 
disparity values indicates an average 35% loss in predic- 
tive power when RTS is lacking. False-negative (nonsur- 
vivors with P,>0.5) rates for the ISS/age models are nearly 
twice those of the TRISS models. Also, a comparison of 
H-L values in Tables 2 and 3 shows some loss in predic- 
tive reliability. 

Figures 3 (set 1) and 4 (set 2) present z and W values for 
consolidated TRISS and [SS/age patients by admission 
year. The z and W statistics for both sets 1 and 2 show a 
steady increase after 1978, identifying statistical and 
practical improvement in patient outcome. The z and W 
values for admissions during 1977 to 1978 and 1981 to 1982 
(insets in Figs 3 and 4) show statistically significant 
increases in the numbers of survivors per 100 patients 
treated of 3.19 and 13.44 for sets 1 and 2, respectively. 
Yearly average ISS values for set 1 patients (Fig 1) and the 
increasing proportion of seriously injured set 2 patients 
(Fig 2) suggest that improved patient outcomes are not a 
result of diminishing injury severity. 

Similar trends in improved performance with time are 
seen for the TRISS patients, whose outcomes are more 
accurately predicted. Tables 4 (set 1) and 5 (set 2) present 
yearly sample sizes and z and W values for TRISS patients 
only. The z values show that there were statistically sig- 
nificantly fewer survivors among 1977 admissions than 
predicted by the set 1 TRISS norm (Table 4) and fewer in 
1977 and 1978 for set 2 TRISS patients (Table 5). Through- 
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Fig 2.— Yearly numbers of patients in set 2 and their percentages of 
set 1 patients. 


Table 2.—TRISS Patient Norms: Coefficients 
and Evaluation Results* 


Coefficients 


bo 0.9291 -2.1883 
b; 0.9063 0.8256 
bz -0.0667 -0.0280 
b; -2.0585 -1.8794 


Evaluation results 
N 1457 
No. (%) of 
survivors 
No. (%) of deaths 
P.(L) 
P.(D) 


1260 (86.5) 
197 (13.5) 


435 (68.8) 
197 (31.2) 


Disparity 
R 


FP (No.) 

FN (No.) 
MR (No.) 
H-L 19.4 6.0 


0.82 0.72 

0.020 (25/1260) 0.053 (23/435) 
0.270 (53/197) 0.270 (53/197) 
0.053 (78/1457) 0.120 (76/632) 


*P (L) indicates average survival probability for survivors; P,(D), 
survival probability for monsurvivors; R, relative information gain; 
FP, false-positive rate; FN, false-negative rate; MR, misclassifica- 
tion rate; and H-L, Hosmer-Lemeshow goodness-of-fit statistic. 


out the 6 years of the study, the z trend increased for both 
TRISS patient subsets. The z values for admissions during 
1981 to 1982 are statistically significantly greater than for 
admissions during 1977 to 1978. Moreover, the W values 
indicate an increase of 4.34 survivors per 100 set 1 TRISS 
patients and an increase of 13.45 survivors per 100 TRISS 
patients in set 2 during the 6-year period. In both sets, the 
W statistic shows a steadily increasing trend after 1978, 
indicating a continued improvement in survival through 
the years of the study, although the z values are not 
always statistically significant. Thus, the study’s main 
findings, evident in Figs 3 and 4, are not altered by results 
from the weaker statistical model (ISS/age). 


COMMENT 


In the 1970s, health planners began major efforts to re- 
duce trauma deaths by establishing regional trauma sys- 
tems to provide effective prehospital treatment, rapid 
transport to tertiary care, emergency resuscitation and 
definitive treatment at trauma centers, and early rehabil- 
itation. Many studies have noted reduced mortality in 
major trauma victims when trauma centers and systems 
are implemented. Several studies investigated the effect 
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Table aan, Patient Norms: Coefficients 
and Evaluation Results* 











Coefficients 






Evaluation results 
N 1866 749 
















No. of survivors 1627 510 

No. of deaths 239 239 

P.(L) 0.93 0.77 

P.(D) 0.48 0.48 

Disparity 0.45 0.29 

R 0.67 0.47 

FP (No.) 0.026 (42/1627) 0.090 (46/510) 
FN (No.) 0.490 (118/239) 0.480 (115/239) 
MR (No.) 0.086 (160/1866) 0.220 (161/749) 
H-L 17.3 21.2 


*ISS indicates Injury Severity Score. See Table 1 for explanations 
of other abbreviations. 
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Fig 3.— Yearly statistics in set 1. 
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| Table 4.—z and W Statistics by Admission Year 
: h for Set 1 TRISS Patients 

1977 320 —2.22 -1.95 
1978 237 -1.83 —1.76 
1979 173 -0.83 -1.20 
1980 
1981 
1982 
1977-1978 
1981-1982 













-Table 5.—z and W Statistics by Admission Year 
for Set 2 TRISS Patients 


Admission Year 


1977 
1978 
1979 
1980 
1981 
1982 
1977-1978 
1981-1982 
















of prehospital advanced life support systems and emer- 
gency medical services systems on trauma patient out- 
comes. Aprahamian et al,” Fortner et al,” and Jacobs et 
al” reported lower mortality for trauma victims treated by 
advanced life support-trained prehospital personnel than 
by those with basic life support training. Klauber et al” 
found that the number of regional yearly deaths due to 
severe brain injury declined after an advanced life support 
system was introduced in San Diego County, California. 
Ornato et al” noted a 24% decline in trauma deaths after 
an emergency medical services system was started in Ne- 
braska. Baxt and Moody”! found a reduction in mortality 
of trauma patients treated by a rotorcraft emergency care 
service staffed by a physician and nurse. Their results 
were confirmed in a multicenter study of 1273 patients 
treated by seven rotorcraft emergency care services.” In 
a study of motor vehicle accident victims in South Caro- 
lina, Reines et al? concluded that advanced life support 
appeared to be beneficial in the treatment of multisystem 
trauma in a rural state. 

Several studies attributed the decline in major trauma 
mortality to management and definitive care by trauma 
centers. In two San Francisco, Calif, studies,” Trunkey 
and Lim noted that preventable death rates were much 
lower for a university trauma service than for general city 
or county hospitals not in regionalized trauma care 
systems. West et al% also reported a lower rate of 
preventable trauma deaths in patients treated in trauma 
centers compared with patients treated at general hospi- 
tals. Preventable deaths also were reported to have 
declined after trauma centers were established in Orange 
County, California.'**” 

In a Salt Lake County, Utah, study, Clemmer et al” 
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noted that critically injured patients treated in level I 
trauma centers had a significantly lower mortality than 
those treated at other large, full-service community hos- 
pitals. 

Trauma center treatment has been shown to affect out- 
come for specific subsets of injured patients. Kreis and 
colleagues” studied all 1982 deaths in Dade County, Flor- 
ida, in patients who were transported to hospitals for 
treatment. The preventable non-central nervous system 
death rate was 12% at the level I trauma center and 26% 
at the other 22 hospitals. Baxt and Moody“ noted a strik- 
ingly low mortality (about 1%) in patients with blunt in- 
juries without severe brain injury who were treated in a 
trauma system. 

In San Diego, Shackford et al? demonstrated a sig- 
nificantly better survival rate than expected for severely 
injured patients based on Major Trauma Outcome 
Study survival norms.*’? The authors attributed the 
improvement in outcome to the integration of prehos- 
pital and early hospital care in a trauma system. Copes 
et al* showed Major Trauma Outcome Study mortali- 
ties for ISS values. These rates, based primarily on 
trauma center data, were lower than previously pub- 
lished rates for nontrauma centers for ISS values 
greater than 40. 

This study found a significant improvement in trauma 
patient outcome coexistent with a growing institutional 
commitment to excellence in trauma care and with the 
establishment of a trauma system in the hospital area. 
During the 6-year study period, the subject hospital im- 
plemented a trauma service (1977) and a special trauma- 
receiving facility (1979). The District of Columbia also ini- 
tiated a system of patient triage intended to help 
prehospital personnel determine when delivery of the 
serious y injured patient to a designated trauma center is 
necessary. During the same period, steadily increasing z 
and W values demonstrated a statistically and clinically 
significant improvement in survival/death outcome of the 
hospital’s patients with blunt injuries, especially the seri- 
ously imjured patients of set 2. Statistically significantly 
more patients survived in the last 2 years of the study than 
in the first 2, when resuscitations were performed in the 
emergency department, far from the operating room. Im- 
provement was most notable among the seriously injured 
set 2 patients. During the study period, injury severity 
increased for set 1 patients, as measured by both the av- 
erage ISS and the percentage of patients with an ISS ex- 
ceeding 15. In 1977 and 1978, set 2 patients constituted 
approximately 20% of set 1 patients, and after 1980, the 
yearly percentage exceeded 55%. These findings suggest 
that the improved performance is not attributable to a pa- 
tient population at decreasing risk of death but that the 
District of Columbia trauma system was increasingly ef- 
fective at triaging the seriously injured patients to desig- 
nated trauma centers. 

This study’s methods have the following weaknesses. 

1. Missing data: Of the 1870 set 1 patients, 413 (22.1%) 
were missing one or more TRISS variables. However, the 
frequency of these patients decreases during the study 
period. For example, in 1977, of 467 set 1 patients, 320 
(68.5%) had all data required by TRISS; the percentage of 
TRISS patients steadily increased during the period and 
was more than 95% during 1981 and 1982. Furthermore, 
the study’s main conclusion is virtually unchanged when 
patients missing one or more TRISS variables are included 
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in analyses by the use of an outcome prediction model 
based on ISS and age. 

2. Internal standard and yearly evaluation method: The 
outcome norms used in this study are based solely on one 
institution’s data. This “internal norm” method was em- 
ployed because the study’s objective was to identify 
intrainstitutional changes in patient outcome with time, 
not to compare those outcomes with some multi- 
institutional standard. (Indeed, multi-institution—based 
norms have been developed but use a more recent version 
of the Abbreviated Injury Scale than was available when 
the injuries in our study’s patients were coded.) Outcome 
norms are based on patient data from all years, and each 
year’s outcomes are compared with norm expectations. 
However, this approach tends to dilute the significance of 
results for individual years and further emphasizes the 
significance of the reported results. 

3. Severity score weaknesses: Since the 6-year study 
period (1977 through 1982), analyses of substantial 
trauma databases have identified limitations of widely 
used severity indexes. The Trauma Score has been re- 
placed by the RTS that is more accurately and reliably re- 
lated to patient survival/death. The RTS is computed from 
a subset of Trauma Score variables and hence could be 
employed here. Limitations of the ISS have been identi- 
fied,® and a new characterization of injury, the Anatomic 
Profile, has been developed that attempts to overcome ISS 
limitations.“ However, the Anatomic Profile has been 
defined only for the 1985 Abbreviated Injury Scale and 
therefore could not be employed in this study. 

The study method is strengthened by including in the 
analysis data from censecutive patients. Injury descrip- 
tions were consistently coded by a few intensively trained 
persons. Injury descriptions for all nonsurvivors were 
obtained from detailed autopsies, required by law in the 
District of Columbia. Research has shown that substantial 
differences can occur between ISSs determined clinically 
and by autopsy, especially for patients dying soon after 
hospital admission.* The method controls for injury se- 
verity as measured on hospital admission, thereby mak- 
ing the results attributable to trauma center and not 
trauma system care. For patients with all necessary data, 
TRISS is used to estimate survival probability. However, 
it is important to include all patients in such evaluations, 
not only those with all data required by TRISS. Therefore, 
the ISS/age relationship was used for patients missing one 
or more TRISS variables. Although it is a less accurate and 
reliable predictor of cutcome than TRISS, the outcome 
evaluation results obtained by combining P, estimates 
made by the ISS/age and TRISS models are consistent with 
those made for TRISS patients only. 

Many variables may have contributed to the improve- 
ment in patient outcome occurring during the study pe- 
riod. Although it is tempting to attribute the improvement 
entirely to the increasing institutional commitment to 
trauma care, the improved facilities, and the growing ex- 
perience of the trauma center staff, to do so would not be 
scientifically defensible. Nonetheless, it is interesting to 
postulate the potential national implications in terms of 
additional lives saved if all seriously injured patients were 
treated in trauma centers having the improved perfor- 
mance identified in this study. Approximately 450 pa- 
tients per 1 million population per year have injuries with 
ISS greater than 15. Assuming a national population of 
230 million persons, there are 103500 such seriously 


Arch Surg—Vo! 127, March 1992 


injured persons per year. Studies in Maryland and Penn- 
sylvania have found that from 50% to 65% of patients with 
major trauma are treated at trauma centers.* If the 
remaining 50% to 35% of these patients were treated in 
trauma centers, to which we ascribe 13.4 more survivors 
per 100 such patients treated, then from 4850 to more than 
6900 additional lives could be saved annually. 

This analysis may be conservative. Maryland has been 
identified as one of only two states satisfying all Ameri- 
can College of Surgeons trauma system criteria,” and 
Pennsylvania has designated and well-publicized trauma 
centers. In those states, then, more seriously injured pa- 
tients may be sent to trauma centers than elsewhere. 
There is little doubt that trauma systems throughout the 
United States would save at least 10000 lives a year and 
have a positive economic impact in the billions of dollars.* 
The national cost of injury is estimated at $160 billion per 
year, of which at least $30 billion is for acute care. 

Recently passed federal legislation, the Trauma Sys- 
tems Planning and Development Act of 1990, could sup- 
port the continued development of trauma centers and 
systems of care and the associated improvement in out- 
come that results. However, appropriation of the autho- 
rized funds appears to be unlikely in these times of fed- 
eral financial constraint. 
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This article by Champion and associates presents another 
chapter in the story validating the beneficial effects of a 
trauma center (or system) on improved patient survival after 
injury. Although it may be intuitively obvious that trauma 
centers would improve outcome, American medicine is 
replete with examples of ideas that should have worked but 
failed to improve outcome. I am personally always bothered 
by studies that require such complex statistical machinations 
to prove a benefit; however, the methods appear valid and 
certainly add further credence to the value of trauma centers. 

In the “Comment” section, the authors note the many 
studies that provide a large body of data affirming the value 
of trauma centers. This is an important notion, because the 
commitment to trauma centers and systems is an extraordi- 
narily expensive undertaking and has been a divisive issue in 
many regions of the country. In addition to the studies em- 
anating largely from urban centers, Rutledge and associates 
recently presented data from North Carolina that showed a 
decreased death rate in areas served by trauma centers as 
compared with those that were not (unpublished data, 1992). 

From the large number of studies published in different lo- 
cales that used a variety of statistical methods, it appears that 
the issue of the value of trauma centers will soon become a 
settled one, not only in surgical circles but in the public sec- 
tor as well. It is my prediction that the issues of the next de- 
cade and beyond are whether we can afford such systems and 
who will provide physician coverage for them. 

Several papers presented at the recent meeting of the 
American Association for the Surgery of Trauma discussed 


338 Arch Surg—Vol 127, March 1992 


Invited Commentary 


35. Trunkey DD. Bay area trauma care. San Francisco Medical Soci- 
ety. February 1982. 

36. West J, Trunkey DD, Lim R. Systems of trauma care. Arch Surg. 
1979;174:455-460. 

37. Cales R. Trauma mortality in Orange County: the effect of imple- 
mentation of a regional trauma system. Ann Emerg Med. 1984;13:1. 

38. Clemmer TP, Orme JF, Thomas FO, Brooks KA. Outcome of crit- 
ically ineured patients treated at level I trauma centers versus full-service 
community hospitals. Crit Care Med. 1985;13:861-863. 

39. Kreis DJ, Placencia G, Augenstein D. Preventable trauma deaths: 
Dade County, Florida. J Trauma. 1986;26:649-654. 

40. Baxt W, Moody P. The differential survival of trauma patients. / 
Trauma 1987;27:602-606. 

41. Srackford S, etal. Assuring quality in a trauma system—the med- 
ical audit committee: composition, cost, and results. J Trauma. 
1987; 27 8. 

42. Srackford S, Hollingsworth-Fridlund P, Cooper G, Eastman A. 
The effect of regionalization upon the quality of trauma care as assessed 
by conaurrent audit before and after institution of a trauma system: a 
prelimimary report. J Trauma. 1986;26:9. 

43. Copes WS, Champion HR, Sacco WJ, Lawnick MM, Keast SL, Bain 
LW. The Injury Severity Score revisited. J Trauma. 1988;28:69-77. 

44. Copes WS, Champion HR, Lawnick MM, et al. Progress in char- 
acterizimg anatomic injury. J Trauma. 1990;30:1200-1207, 

45. Harviel JD, Landsman I, Greenberg A, Copes WS, Flanagan ME, 
Champion HR. The effect of autopsy on injury severity and survival 
probabi ity assessments. J Trauma. 1989;29:766-773. 

46. The impact of Emergency Medical Services on the Morbidity and 
Mortality of Trauma Patients: Final Report Prepared for the State of 
Pennsylvania. Pittsburgh, Pa: Pittsburgh Research Institute; December 
1989. 

47. West JG, Williams MJ, Trunkey DD, Wolferth CC. Trauma 
systems current status—future challenges. JAMA. 1988;259:3597-3600. 

48. Champion HR, Mabee M. An American Crisis in Trauma Care Re- 
imbursenent. Washington, DC: Champion & Mabee 1990. 






various financial issues relevant to trauma center funding, 
and al noted that the economic viability of many trauma 
centers was precarious at best. Within the past year, more 
trauma centers have been deactivated than have started. 
Clearly, the financial burden placed on institutions that 
receive a concentration of uninsured patients must be con- 
sidered if these institutions are to survive. 

Finally, at my institution we recently completed a resident 
survey in which we questioned current general surgical res- 
idents at or above their 3rd year of training about their inter- 
est in providing trauma care after training (unpublished data, 
1992). Less than one fifth of the 886 respondents indicated 
that they wished to have any serious commitment to trauma 
care. Moreover, there was a seemingly widespread disen- 
chantment about providing trauma care. Reasons cited in- 
cluded the large amount of nonoperative work required to 
care for patients with blunt trauma; the highly undesirable 
patient population often encountered (ie, intoxicated, crimi- 
nal, pcsitive for human immunodeficiency virus, unappre- 
ciative, litigious, etc); and the poor quality of life-style 
afforded by the night work. 

Unless some thought and planning about the future of 
traumē care is provided, it may be akin to the old saw about 
good rews and bad news. The good news is that trauma 
centers save lives; the bad news is that we can’t afford them 
and can’t get anyone to work in them. 

J. DAVID RICHARDSON, MD 
Leuisville, Ky 
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Effect of Venous Valves on Grafts for 
Coronary Artery Bypass 


Saihou Hayashi, MD; Shintaro Fukunaga, PhD; Hiroshi Ishiara, MD; 
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è The effect of venous valves on blood flow and patency in 
grafts of the long saphenous vein for coronary artery bypass 
is examined. Our experimental model involved both 
diastolic-predominant blood flow and transient systolic re- 
gurgitation, and the waveform was similar to that of in vivo 
coronary circulation. In this model, blood flow was assessed 
in the presence or absence of venous valves. It was found 
that coronary artery blood flow was significantly greater in 
the presence of venous valves. Angioendoscopy showed 
that the movement of the graft valves was strong and 
rhythmic. It seems that valve preservation may be desirable 
in grafts for coronary artery bypass. 
(Arch Surg. 1992;127:339-341) 


T he long saphenous vein is commonly used in grafts for 

coronary artery bypass, but the influence of venous 
valves on graft blood flow and patency is not yet clear. 
Accordingly, we examined how graft blood flow was al- 
tered in the presence or absence of venous valves in grafts 
for coronary artery bypass. 


MATERIALS AND METHODS 


A Donovan-type circulation simulator’ connected to an air- 
driven artificial heart was used to represent the systemic circu- 
lation (Fig 1). From the midpoint of the systemic circulation, a 
bypass was created to simulate the coronary circulation. A vein 
with valves, which had been extracted from the femoral region 
of a dog, was then attached to components of the coronary cir- 
culation to act as the vein graft. Because the relaxation and con- 
traction of cardiac muscle greatly influences coronary blood 
flow, a simulated myocardium was attached to the periphery of 
the graft. This simulated myocardium consisted of a rubber tube 
surrounded by a sealed plastic shell. Compressed air was fed 
into this apparatus im synchrony with the beating of the artificial 
heart to compress the rubber tube and increase the resistance in 
the vein graft, thus mimicking the effect of the contraction of the 
myocardium. Initially, the graft blood flow and flow waveform 
were recorded in the presence of venous valves. Throughout this 
experiment, the driving pressure and the suction pressure of the 
artificial heart were maintained at 150 mm Hg and —100 mm 
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Fig 1.— Experimental model of the coronary circulation circuit. 


H,O, respectively, and the total volume of the circulation flow 
was 4000 mL. Subsequently, the venous valves were destroyed 
with a ceramic valve cutter, and the flow volume of the graft and 
the flow waveform were recorded again in a similar manner. 
Graft flow was determined using an electromagnetic blood flow 
meter (MFV-1200, Nihon Kohden Co, Tokyo, Japan) and re- 
corded using a polygraph. Before and after destruction of the 
valves, valve movement was observed through an angioendo- 
scope (Trimedyne Co, Santa Ana, Calif) and recorded on video- 
tape. 


RESULTS 


The actual waveforms of the simulated left ventricular 
blood pressure, aortic blood pressure, and coronary 
artery blood flow obtained in our experimental model are 
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Fig 2.— Waveforms of coronary blood flow (pulse rate, 80 beats per 
minute). 


shown in Fig 2. The waveform showed diastolic- 
predominant coronary artery blood flow and transient 
systolic regurgitation known as the throttle phenomenon. 
These waveforms were similar to the waveforms of in vivo 
coronary artery blood flow, so the device was found to be 
suitable for an experimental model. Measurement of graft 
flow was performed using five veins. The mean blood 
flow was 304+21 mL/min in the presence of venous valves 
and 248+16 mL/min in the absence of venous valves (Fig 
3). A significant difference between the presence and ab- 
sence of valves was recognized using a t test (P<.01). Ac- 
tual waveforms are shown in Fig 4. The upper panel of Fig 
4 shows the waveform in the presence of venous valves, 
while the lower panel shows the waveform in the absence 
of venous valves. There was no difference between the 
two states in diastolic waveform and wave height, but the 
systolic waveform indicated that the flow volume of 
regurgitant blood was larger in the absence of venous 
valves than in the presence of venous valves. 
Angioendoscopy disclosed strong and rhythmic move- 
ments of the venous valves accompanying the beating of 
the artificial heart. Figure 5 shows a frame from an 
angioendoscopic videotape recorded in the presence of 
venous valves. The left panel shows the diastole when 
blood flow is in the normal direction, and the right panel 
shows systolic regurgitation causing the valve to close. 
Marked distention of the valvular cusps is observed. Fig- 
ure 6 shows a frame from an angioendoscopic videotape 
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Fig 3.— Comparison of rates of coronary blood flow in the presence 
and absence of venous valves. The mean rate in the presence of 
venous valves was 304+21 mL/min, and, in the absence of venous 
valves, 248+16 mL/min. 
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Fig 4.—Ceronary artery blood flow waveforms in the presence (top) 
and abserce (bottom) of venous valves. The arrow indicates a point 
at which dow volume of regurgitant blood was significantly differ- 
ent when presence of venous valves was compared with absence 
of venous valves. 


recordec after the valves were destroyed. The left panel 
shows the diastole, and the right panel, the systole. Be- 
cause th= valve had been damaged, it failed to close com- 
pletely even during systole, allowing a large amount of 
blood to regurgitate. Movement of the valve was insig- 
nificant at the site of attachment to the vein wall. 


COMMENT 


It is well known that coronary artery blood flow occurs 
mainly in the diastolic phase, unlike blood flow in other 
arteries.* Also, recent studies have revealed transient re- 
gurgitan- systolic blood flow in the coronary arteries.*5 
Therefor2, an experimental model of coronary circulation 
must prcvide both diastolic-predominant blood flow and 
transient systolic regurgitation. Our system was consid- 
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Fig 5.—Angioendoscopic findings in the presence of venous valves. 
Left, Diastolic phase. Blood flows in the normal direction. Right, 
Systolic phase. The valve is closed and marked distention of the 
valvular cusps is observed. 





Fig 6.—Angioendoscopic findings in the absence of venous valves. 
Left, Diastolic phase. Blood flows in the normal direction. Right, 
Systolic phase. The valve ‘ails to close, and a large amount of blood 
has regurgitated. 


ered a suitable mode! because it could satisfy these two 
requirements and provide a flow waveform similar to that 
of actual coronary artery blood flow. 

In 1952, Kantrowitz and Lerric® found that systolic re- 
gurgitation occurs in the lower-limb arteries of normal, 
healthy dogs. Phillips’ reported that transplantation of a 
vein segment with a valve into the lower-limb artery could 
prevent this regurgitation. Because regurgitation occurs 
even in normal, healthy coronary arteries, venous valves 
of the long saphenous vein may prevent regurgitation af- 
ter being grafted to create a graft for coronary artery by- 
pass. In fact, our experiment showed a marked difference 
in blood flow between vein grafts with venous valves and 
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those without, and the mean blood flow increased when 
the venous valves were intact. This increase was attribut- 
able to a decrease in the rate of regurgitant flow. Results 
of angioendoscopic examination confirmed that the 
venous valves failed to close in the systolic phase after 
they were damaged, making prevention of transient 
regurgitation impossible and decreasing mean blood 
flow. 

Another unsolved problem in the use of vein grafts with 
valves is whether venous valves contribute to thrombus. 
Mills and Ochsner? suggested, based on results of post- 
operative angiography, that valvulotomy should be per- 
formed in all cases of vein grafts with valves to prevent 
thrombosis. It is thought that thrombus may originate 
from the downstream side of the venous valves, as in 
venous thrombosis.®”” If this process of thrombus forma- 
tion applied to long saphenous vein grafts after coronary 
artery bypass, the presence of venous valves would be 
disadvantageous. However, results of our angioendo- 
scopic study indicated that the movement of venous 
valves in the simulated graft was quite different from the 
normal in vivo pattern. In contrast to the slow movement 
of venous valves driven by gravity or the muscular pump, 
the valves grafted in coronary artery bypass showed 
strong, rhythmic movements accompanying the heart- 
beat. Thus, it seems unlikely that thrombus could origi- 
nate from the downstream side of the valve in this situ- 
ation. The intima was damaged by valve ablation, 
suggesting that valvulotomy could accelerate thrombus 
formation. 
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Clinical Observation 


Antiphospholipid Antibodies and 
Arterial Thrombosis 


Case Reports and a Review of the Literature 


Gregory S. McGee, MD; William H. Pearce, MD; Leena Sharma, MD; 
David Green, MD, PhD; James S. T. Yao, MD, PhD 


è Antiphospholipid antibodies are a relatively heteroge- 
neous mix of immunoglobulins with binding specificities for 
negatively charged or neutral phospholipids. Currently, the 
most commonly detected antiphospholipid antibodies in- 
clude the anticardiolipin antibody, the lupus anticoagulant, 
and an antibody implicated in false-positive VDRL testing. 
Recently, a clinical syndrome of vaso-occlusive disorders 
associated with antiphospholipid antibodies has been iden- 
tified and may result from immune-mediated disruption of 
endothelial function. This clinical syndrome encompasses 
arterial and venous thrombosis, recurrent fetal loss, neuro- 
logic dysfunction (eg, migraine, chorea, and encephalopa- 
thy), systemic and pulmonary arterial hypertension, and 
endocardial disease. Although most commonly associated 
with systemic lupus erythematosus, the antiphospholipid 
antibody syndrome also has been identified in patients with 
vaso-occlusive disease without systemic lupus erythemato- 
sus. Recently, identification of antiphospholipid antibodies 
has been facilitated by the development of a more sensitive 
assay for anticardiolipin antibody. In this article, case his- 
tories of three patients with arterial thrombosis and associ- 
ated anticardiolipin antibodies, including the first associ- 
ated case of terminal aortic thrombosis, are reviewed and 
the subject of the antiphospholipid antibody syndrome is 
discussed. 
(Arch Surg. 1992;127:342-346) 


ntiphospholipid antibodies have been detected since 
Wassermann et al' used complement fixation in 1906 

to detect reagin in the serum of patients with syphilis. The 
first antigens were saline extracts of liver from fetuses 
with syphilis, followed by alcohol extracts of various nor- 
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mal tissues. Pangborn’? in 1942 noted that the antigen re- 
sponsible for reagin reactivity was an acidic phospholipid 
extracted from a bovine heart muscle, which was subse- 
quently named cardiolipin. Following the development of 
the more specific treponemal immobilization test in 1949, 
many patients were found who were either transiently or 
chronically false positive using the VDRL (cardiolipin) 
antigen. These patients had a higher prevalence of 
autoimmune disease and other antibodies in their serum. 

Thrembotic complications have long been associated 
with systemic lupus erythematosus (SLE). The occurrence 
of thromboembolic events in patients with SLE was first 
noted by Baehr et al* in 1935, and the association between 
circulating anticoagulants, false-positive VDRL test re- 
sults, and SLE was reported by Conley and Hartmann’ in 
1952. These lupuslike anticoagulants have been found to 
be antibodies to procoagulant phospholipids, which pro- 
long the activated partial thromboplastin time, thrombo- 
plastin (factor III), and properties of viper venom testing. 
Diagnosis of lupus anticoagulants requires correction of 
the activated partial thromboplastin time and phospho- 
lipid, with care taken to remove platelet debris from sam- 
ples before testing. In 1963, Bowie et alf first reported four 
cases of thrombotic complications in patients with both 
SLE and circulating anticoagulants. This apparent para- 
dox of circulating anticoagulants and thrombosis was ini- 
tially misinterpreted as a compensatory phenomenon as- 
sociated with increased thromboplastin generation in 
these patients with SLE and anticoagulants. 

Laurell and Nilsson’ demonstrated in 1957 that cardio- 
lipin in syphilitic assays would remove lupus anticoagu- 
lant activity, and in 1980, Thiagarajan et alë confirmed the 
presence of specific antiphospholipid antibodies (APLA) 
in patients with the lupus anticoagulant. The lupus anti- 
coagulant and the anticardiolipin antibody appear to be 
similar immunoglobulins with different binding specific- 
ities. Inhibition of endothelial prostacyclin secretion by 
these circulating immunoglobulins was proposed by Car- 
reras et al’ to explain the increased thrombotic complica- 
tions in patients with lupuslike antibodies. Other possi- 
ble mechanisms suggested to account for excessive 
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Fig 1.—Case 2. Carotid angiogram demonstrates occlusion of the 
right internal carotid artery distal to the bifurcation. 


thrombosis in patients with lupus and APLA include 
prekallikrein inhibition,” tissue factor induction," throm- 
bomodulin neutralization,” alteration in protein C and 5 
activity," and lowered functional antithrombin III ac- 
tivity.” 

Following the standardization of the anticardiolipin 
antibody enzyme-linked immunosorbent assay for this 
APLA in 1985, increasing numbers of patients with 
thrombotic complications with and without autoimmune 
diseases tested positively for anticardiolipin antibodies. 
This report documents the clinical histories and outcomes 
of three patients presenting to a vascular surgical service 
with arterial thrombosis and positive APLA. The anticar- 
diolipin antibody test used was a solid phase enzyme im- 
munoassay (EL-ACA, Thera Test Laboratories Inc, Chi- 
cago, Ill). 


REPORT OF CASES 


CASE 1.—A 25-year-old white woman was examined because 
of the sudden, transient loss of sight in a sector of the right vi- 
sual field. She had no history of neurologic events, no other 
known medical illnesses, and no family history of thrombotic or 
connective tissue disorders. Laboratory studies revealed normal 
values for proteins C, S, fibrinogen, and antithrombin III; how- 
ever, she tested positively for the antinuclear antibody, and her 
erythrocyte sedimentation rate and rheumatoid factor were ele- 
vated. There was no clinical evidence of SLE or scleroderma, and 
the results of her lupus erythematosus cell preparation were 
negative. Her initial platelet count was 155 x 10°/L, her pro- 
thrombin time was 12 seconds, and her partial thromboplastin 
time was 35 seconds. The results of tests for the anticardiolipin 
antibody (strong positive IgG, weakly positive IgA, and negative 
IgM) and the lupus anticoagulant were positive. 

The results of the carotid duplex examination were normal, 
and a cerebral angiogram failed to demonstrate extracranial oc- 
clusive disease or evidence of intracranial vasculitis. The trans- 
esophageal echocardiogram revealed a mass in the left atrium 
near the mitral valve that was thought to be consistent with a 
myxoma. The preoperative diagnosis was an atrial myxoma, yet, 
during thoracotomy, a large intra-atrial thrombus was found and 
removed. A therapeutic postoperative regimen of warfarin 
sodium was begun, but after 5 months, the patient again expe- 
rienced a transient episode of visual loss. A second echocardio- 
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Fig 2.— Case 2. Upper-extremity angiogram reveals occlusion of the 
right proximal brachial artery. 


gram was obtained and showed no recurrence of the thrombus. 
Aspirin therapy was substituted for warfarin. She did well for 
the next 5 months, but then had a first trimester spontaneous 
abortion. At this writing, she is asymptomatic and continues as- 
pirin therapy. 

CASE 2.—A 26-year-old woman was seen for evaluation of 
thigh and buttock claudication. The patient had suffered a right 
hemispheric stroke 4 months before admission, and a cerebral 
arteriogram revealed an occluded right internal carotid and right 
brachial artery (Figs 1 and 2). The angiogram showed no 
evidence of aortitis. A transesophageal echocardiogram revealed 
a small residual ventriculoseptal defect from a repair done at age 
22 months, and no intracardiac thrombus was seen. The results 
of tests for erythrocyte sedimentation rate, antinuclear antibody, 
and lupus erythematosus preparation were normal; however, 
the results of her IgG anticardiolipin antibody test were moder- 
ately positive, and she was given aspirin and warfarin sodium. 
A mild residual upper and lower extremity weakness persisted, 
and an ambulatory rehabilitation program was initiated. In the 
ensuing 3 months, her walking improved, but she developed 
claudication that progressed from left calf pain at five blocks to 
bilateral buttock cramping after walking one half block. 

Her surgical history included a ventricular septal defect repair 
at age 22 months and a left femoral thrombectomy with vein 
patch angioplasty 3 years before admission. She denied having 
diabetes, myocardial infarction, hyperlipidemia, or hyperten- 
sion, although she had a 10-year history of migrainelike head- 
aches. She denied the use of tobacco, alcohol, oral contracep- 
tives, or illegal drugs, and was taking warfarin, ranitidine 
hydrochloride and aspirin on admission. She had no family his- 
tory of autoimmune disease or premature atherosclerosis. 

On physical examination, she was an alert, normotensive 
white woman without a facial rash or masklike facies. She had 
strong and symmetric carotid pulses without temporal artery 
tenderness. A holosystolic cardiac murmur was heard, while her 
abdomen was without masses, tenderness, or bruits. The results 
of an extremity examination revealed nonpalpable right brachial, 
ulnar, and radial pulse and decreased left leg strength. Palpable 
pulses were absent in both lower extremities, with ankle-brachial 
indexes less than 0.3 bilaterally. Laboratory values on admission 
included a hemoglobin of 134 g/L, platelet count of 185 x 10°/L, 
prothrombin time of 17 seconds, partial thromboplastin time of 
27 seconds, fibrinogen of 2.55 g/L, and normal renal and hepatic 
profiles. Her erythrocyte sedimentation rate was 19 mm/h, and 
the results of tests for anti-double-stranded DNA, antiribonu- 
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Fig 3.— Case 2. A trans/umbar aortogram reveals terminal aortic oc- 
clusion. 


cleoprotein, lupus erythematosus preparation, and rheumatoid 
factor were negative. The results of her protein C and S levels as 
well as her antithrombin II levels were normal. The results of the 
tests for anticardiolipin antibody were positive (IgG positive and 
IgM negative), and the results of tests for lupus anticoagulant 
and VDRL were negative. 

A translumbar aortogram revealed occlusion of her infrarenal 
aorta (Fig 3), and aortobifemoral grafting was performed with 
normalization of distal pulses. The patient did well after the sur- 
gical procedure and was to continue aspirin and warfarin sodium 
therapy at discharge. 

CASE 3.—A 36-year-old white woman with SLE was examined 
for complaints of recurrent right-foot ischemia. She had a history 
of lower extremity Raynaud’s phenomenon and had been 
treated with prednisone, cyclophosphamide, nifedipine, and 
Bier’s Block anesthesia with transient symptomatic relief. Two 
months before admission, she had undergone a short-segment 
right tibial to tibial bypass for rest pain resulting from focal tibial 
vessel occlusion, and had been given warfarin sodium after sur- 
gery. She returned with recurrent rest pain. 

Her medical history was significant for SLE of 18 years’ dura- 
tion. She did not have hypertension, diabetes, stroke, myocar- 
dial infarction, or hyperlipidemia. She denied the use of tobacco, 
oral contraceptives, or illegal drugs. She had no family history 
of premature atherosclerosis or autoimmune disease. 

On examination, she was normotensive with symmetrically 
strong brachial and radial pulses. She had no cervical bruits, and 
the results of cardiopulmonary and abdominal examinations 
were normal. She had symmetric and strong femoral and 
popliteal pulses, with palpable left posterior tibial and dorsalis 
pedis pulses. She had a cyanotic right foot with no audible right 
pedal pulses. She had evidence of polyarthritis and a peripheral 
neuropathy. 

Her laboratory data demonstrated a hemoglobin of 121 g/L, 
hematocrit of 0.35, a platelet count of 351 x 10°/L, a prothrombin 
time of 12.6 seconds, and a partial thromboplastin time of 30 
seconds. She had a normal renal and hepatic profile, and normal 
antithrombin III and protein C and S levels. Her sedimentation 
rate was elevated at 83 mm/h, and the results of tests for lupus 
erythematosus cell preparation and IgM and IgG anticardiolipin 
antibodies were positive. Results of the lupus anticoagulant and 
VDRL testing were negative. 

An angiogram confirmed occlusion of her tibial bypass. 
Thrombolytic therapy was used to recanalize her tibial vein graft, 
which appeared diffusely sclerotic angiographically. A popliteal 
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to posverior tibial bypass with reversed saphenous vein was 
performed. Anticoagulation with heparin sodium was contin- 
ued after the surgical procedure, and she was discharged with 
a regimen of nifedipine, warfarin, enteric-coated aspirin, and 
prednisone. The graft was patent 2 years later. 


COMMENT 


Ant phospholipid antibodies are acquired autoantibod- 
ies (IgG, IgM, and IgA) that are often found in patients 
with 5LE and other autoimmune disorders. Various 
names have been given to these antibodies, including the 
lupus anticoagulant, the anticardiolipin antibody, and the 
antibody responsible for the false-positive syphilis 
(VDRL) test. The lupus anticoagulant derives its name 
from i-s ability to prevent the formation of the prothrom- 
bin ac-ivator complex required for converting prothrom- 
bin to -hrombin, resulting in prolongation of the activated 
partial thromboplastin time and Russell’s viper time. 
Cardieclipin is the phospholipid antigen used in screening 
tests fer syphilis, and thus arises the correlation between 
antica-diolipin antibodies and false-positive VDRL tests. 
Although a recent study demonstrated separation of lu- 
pus anticoagulant and anticardiolipin activity,” little ev- 
idence exists to confirm these as distinct antibodies, !*!9 
and they might be best characterized as having different 
specificities with overlapping reactivities. 

Stucies of APLA have reported wide ranges in their 
prevaEnce. In patients with SLE, the prevalence of anti- 
cardio ipin antibody is 21% to 63%, and the prevalence of 
the lupus anticoagulant is 6% to 73%.°4 In normal 
young adults, the prevalence of anticardiolipin antibodies 
ranges from 0% to 7.5%.'®9 Patients with APLA are more 
likely ĉo be female (in a 4:1 ratio) and younger if they have 
SLE than patients with non-SLE disorders.” In patients 
with non-SLE disorders, the prevalence of APLA ranges 
from £% to 87%," and includes elderly patients and pa- 
tients with acute infections, arthritis (both osteo and 
rheumatoid), syphilis, scleroderma, systemic lupus 
erythematosus, drug-induced (chlorpromazine) lupus, 
Guilla:n-Barré syndrome, and patients infected with the 
humaa immunodeficiency virus.”*! The apparent in- 
crease in the prevalence of APLA syndrome is partially 
relatec to improved assays for the detection of anticardi- 
olipin antibody. The use of enzyme-linked immunosor- 
bent assays or solid-phase radioimmunoassay tech- 
niques, introduced in 1983, has made the detection of 
anticardiolipin antibody the most specific and the most 
sensitwe of the tests for APLA syndrome. 

Although originally described in patients with bleeding 
disorders, APLA such as the lupus anticoagulant are 
rarely related to hemorrhage. Much more germane is the 
risk of both arterial and venous thrombosis and abortion 
in patents with APLA. The etiology of these clinical 
events may involve one of several mechanisms. Adher- 
ence cf the antibody to lipid to the platelet surface may 
initiate platelet aggregation and attachment, or it may 
inhibit endothelial cell production of the vasodilator 
prostacyclin.* Defects in fibrinolysis may result from a 
decrease in plasminogen activator release or from dimin- 
ished protein C, thrombomodulin, or antithrombin III ac- 
tivity :n patients with APLA syndrome.!™535 Although 
several studies have suggested that high antibody titer 
and specific antibody isotype (IgG and IgA) may be asso- 
ciated with an increased risk of thrombosis,” no firm 
consensus on this subject has been reached. 
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The clinical disorders in which APLA have been re- 
ported are varied and include recurrent midterm miscar- 
riage, pulmonary hypertension, endocardial disease, 
thrombocytopenia, avascular necrosis, transverse myeli- 
tis, migraine, chorea, Guillain-Barré syndrome, seizures, 
livedo reticularis, chronic leg ulcers, arterial thrombosis 
(cerebral, coronary, retinal, and peripheral), and venous 
thrombosis (recurrent iliofemoral deep vein thrombosis, 
renal vein, vena cava, and retinal vein). Patients who test 
positive for both lupus anticoagulant and APLA have a 
ninefold increased risk of arteriovenous thrombosis. The 
first patient had many of the classic stigmata of APLA 
syndrome, including unexplained thromboses, neuro- 
logic dysfunction, thrombocytopenia, and spontaneous 
abortion. She had evicence of an ill-defined autoimmune 
disease, and thus would be considered to have secondary 
APLA syndrome. The second patient had no evidence of 
SLE or other autoimmune disorders, and would be clas- 
sified as having primary APLA syndrome. The most 
common site of thrombosis in patients with non-SLE 
APLA syndrome is in the cerebral vessels, often resulting 
in neurologic dysfunction and stroke.” As in the first two 
patients described, the diagnosis should be suspected 
from a history of thrombotic complications in patients 
without atherosclerotic risk factors such as age, hyper- 
tension, and smoking, and should be confirmed with a 
test for anticardiolipin antibody and lupus anticoagulant. 

The association of thrombosis with the lupus anticoag- 
ulant in patients with SLE was first described in 1963.° Of 
patients with SLE and anticardiolipin antibody, as in the 
third patient in this series, almost one third will have 
thrombotic events, while in patients with SLE and throm- 
bosis, almost two thirds will test positively for the 
anticardiolipin antibody.’ Again, the cerebral circulation 
is most commonly affected,” with sporadic reports of ax- 
illary, retinal, digital, and mesenteric thrombosis.***! Pe- 
ripheral arterial disease in patients with SLE who are an- 
tiphospholipid antibody-—negative is rare, occurring in 
fewer than 1.5% of patients.” Therefore, patients with 
SLE who manifest symptoms of extremity hypoperfusion, 
as in the third patient described, should be tested using 
the lupus anticoagulant and the anticardiolipin antibody 
enzyme-linked immunosorbent assay. Antibody titers 
have been shown to fall during active thrombosis, mak- 
ing exclusion of the diagnosis difficult during the acute 
phase. Antibody titers should be rechecked in 4 to 6 
weeks to confirm or exclude the diagnosis. 

The treatment of patients with APLA is determined by 
the presence of an associated autoimmune disorder 
and/or thrombotic events. In asymptomatic cases de- 
tected with screening studies, no treatment is recom- 
mended. In patients with an associated autoimmune dis- 
ease (eg, SLE) and diinical manifestations of APLA 
syndrome (eg, fetal wastage, arteriovenous thrombosis), 
appropriate immunosuppression and long-term antico- 
agulation are necessary to prevent recurrent thrombosis. 
In patients without an autoimmune disease and mani- 
festing clinical evidence of APLA, long-term anticoagula- 
tion is also recommended. In one study, discontinuation 
of oral anticoagulation resulted in recurrent thrombosis,“ 
leading some authors to recommend either indefinite an- 
ticoagulation or treatment until the results of APLA tests 
were negative.” 

In summary, antiphospholipid antibodies are a group 
of heterogeneous autoantibodies frequently associated 
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with autoimmune disease and thrombotic events. Their 
presence may be suspected after finding a false-positive 
syphilis test result, the lupus anticoagulant, an elevated 
partial thremboplastin time, or thrombocytopenia. The 
diagnosis is best confirmed with the enzyme-linked 
immunosorbent assay or solid phase anticardiolipin test, 
with treatment designed to control the autoimmune dis- 
ease and prevent recurrent thromboembolism. 


This study was supported in part by the Alyce F. Salerno Foun- 
dation, Chicego, Ill 
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Surgical Anatomy Question 


The inferior epigastric artery (IEA), a brarch of the internal iliac artery, 
enters the rectus sheath at the semicircular fold (of Douglas). [True or 


False?]! 
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Clinical Observation 


Cardiac Rupture From Blunt Trauma With 
Atrial Septal Defect 


Earl D. Baumgartel, MD 


@ A review of the literature disclosed 63 survivors of cardiac 

chamber rupture from blunt trauma, with no mention of as- 

sociated atrial septal defect. | treated a 17-year-old girl and a 

33-year-old man who survived cardiac rupture from motor ve- 

hicle accidents, both of whom were discovered postopera- 

tively on echocardiography to have atrial septal defects. 
(Arch Surg. 1992;127:347-348) 


t has been estimated that myocardial rupture occurs in 
10% to 15% of fatal motor vehicle accidents." In a re- 
view of the literature, I found only 63 survivors of cardiac 
rupture and describe two additional survivors in this re- 
port; given the approximately 50 000 deaths per year from 
automobile accidents in the United States, this is a testa- 
ment to the lethal nature of the injury. Previous reports 
of survivors have never noted associated atrial septal de- 
fect (ASD). The finding of ASD by echocardiography in 
two consecutive cases is therefore notable. 


REPORT OF CASES 


CASE 1.—On May 12, 1978, a 17-year-old female unrestrained 
driver was involved in a 40-mph collision. She presented in 
shock with no elevation of the central venous pressure, bruising 
over the lower sternum, and extremity fractures. There was no 
antecedent history of heart disease. A chest roentgenogram was 
unremarkable. An electrocardiogram demonstrated a right 
bundle-branch block. Results of peritoneal lavage were equivo- 
cally positive. 

The patient underwent a laparotomy, with normal findings, 
1% hours after injury; during the procedure, she became 
profoundly hypotensive. The chest was opened and 200 mL of 
blood was evacuated from the pericardial sac. Via a median ster- 
notomy, a 1-cm tear in the right atrial appendage was controlled 
with a continuous 3-0 silk suture. She was returned to the op- 
erating room 5 hours later to stop bleeding from her left internal 
mammary artery. 

The patient remained comatose with a left hemiparesis, either 
from anoxic encephalopathy or air embolus, and receiving ven- 
tilator and nutritional support for 3 weeks. Her condition then 
improved dramatically, including eventual full neurologic re- 
covery. One month after injury, she had persistent right axis 
deviation on her electrocardiogram, a prominent pulmonary 
outflow tract on her chest roentgenogram, and an echocardio- 
gram that showed right ventricular enlargement and para- 
doxic septal motion consistent with an ASD with a left-to- 
right shunt. 

Four years after the injury, she developed dyspnea, peripheral 
edema, chest pains, and palpitations. Cardiac catheterization 
confirmed an ASD with a 3.1:1 left-to-right shunt. On June 12, 
1982, she underwent repair of her ASD with patch closure of a 
4x5-cm ASD. At surgery, a torn chorda, which had been 
attached across the center of a congenital secundum defect, was 
noted. The patient’s subsequent course was unremarkable. 

CASE 2.—On August 22, 1990, a 33-year-old male unrestrained 
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driver was involved in a high-speed collision. He was found ap- 
neic, with no pulse or blood pressure. He was brought to the 
emergency room in shock, having had field cricothotomy. 

Physical examination revealed facial injuries, decreased heart 
tones, and a wrist fracture. The central venous pressure was 
greater than 15 mm Hg. A chest roentgenogram demonstrated 
right rib fractures and a right apical fluid cap. Results of perito- 
neal lavage were negative. He was taken to surgery within 1 
hour. A median sternotomy was performed, with findings of 250 
to 400 mL of clotted and free blood in the pericardium. The 
source of bleeding was a 2-cm hole in the right atrium near its 
junction with the vena cava. It was controlled with finger inser- 
tion, a Satinsky clamp, and closure with 3-0 polypropylene and 
pledgets. There was a 2-cm hole in the pericardium adjacent to 
the right atrial hole, consistent with puncture by a fractured right 
rib. The patient’s incision was extended into the epigastrium, 
and results of a laparotomy were normal. 

On the day before discharge, the patient’s 9th postoperative 
day, echocardiography with injection of agitated saline solution 
demonstrated hemodynamically insignificant right-to-left 
shunting at the atrial level, consistent with a definite ASD. 
Follow-up echocardiography with injection of agitated saline 
solution at 2 months demonstrated closure of the ASD; the pa- 
tient continued to do well after 3 months. 


COMMENT 

Six postulated mechanisms of injury in cardiac chamber rup- 
ture were summarized in a report by Getz et al.* (1) A direct 
blow to the anterior aspect of the chestis believed to be the most 
common mechanism of ventricular rupture. (2) Indirect or 
hydraulic injury secondary to crushing injury of the abdomen 
and lower extremities is thought to increase intracardiac pres- 
sure, resulting in chamber rupture without chest trauma. 
(3) Bidirectional forces from compression of the heart between the 
sternum and vertebral bodies result in chamber rupture, most 
commonly in youths and women who have pliable chests. 
(4) Acceleration/deceleration injuries may cause tearing of the atria 
at their relatively fixed venous insertions. (5) Blast forces may 
result in septal or ventricular rupture. (6) Penetration of a 
cardiac chamber by a fractured rib or sternum may occur. 

The first case reported herein concerned a preexisting, 
unrecognized ASD with predisposition to atrial rupture 
secondary to enlargement of the right atrium with thin- 
ning of the atrial wall. The ASD was exacerbated by fur- 
ther injury to the atrial septum, confirmed at ASD repair. 
The mechanism of injury was bidirectional forces from 
chest compression in this young woman, who had struck 
the steering wheel and in whom no fractures were appar- 
ent on chest evaluation. The ASD was suspected postop- 
eratively on the basis of echocardiographic findings. 

The second case concerned penetration of the pericardium 
and right atrium by a rib fracture. Survival in this patient de- 
pended ona delicate balance of pericardial tamponade stem- 
ming the hemorrhage from the right atrium, and a traumatic 
pericardial window of appropriate size to decompress the 
tamponade without exsanguination. Suspicion of associated 
intracardiac injury was heightened by awareness of the first 
case, and echocardiography with injection of agitated saline 
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solution confirmed an ASD. This patient was likely one of the 
approximately 29% to 35% of people with probe patency of 
the foramen ovale,’ and atrial septal injury from his trauma 
converted this condition to temporary actual patency. This 
hypothesis is supported by the follow-up echocardiogram 
demonstrating closure of the ASD. 

The value of echocardiography in both blunt and penetrat- 
ing cardiac injuries has been emphasized by Mattox et al,‘ 
Glinz and Turina," and Frazee et al.° The accuracy of agitated 
saline solution injection has also been well documented by 
Fraker et al.’ The utility of echocardiography, particularly 
with agitated saline solution injection, is clear in these two 
consecutive cases of blunt cardiac chamber rupture. 

The findings in survivors of cardiac chamber rupture due to 
blunt trauma were reviewed.**“ There were 65 survivors, in- 
cluding those described in this article. A report of traumatic 
ASD associated with chamber rupture and survival was not 
found. The majority of patients were young men involved in 
motor vehicle accidents. A high index of suspicion was critical 
to recognition of this condition because the typical signs of tam- 
ponade were often not present, particularly in the presence of 
hypovolemia. Concomitant noncardiac injuries were com- 
mon. Significant intrathoracic injuries included rupture of 
the diaphragm, aortic disruption, ventricular septal defect, and 
pulmonary venous injuries. These should be sought at thora- 
cotomy. The distribution of cardiac chamber rupture in the 
65 survivors was the right atrium in 44.6%, the left atrium in 
21.5%, the right ventricle in 16.9%, the left ventricle in 10.8%, 
and multiple chamber ruptures in 6.2%. The autopsy series by 
Parmley et al contained a predominance of multiple-chamber 
and ventricular ruptures. Most survivors had prompt surgical 
intervention. The median time to surgery was 2.5 hours, al- 
though in rare instances there was a delay of many days. 


CONCLUSIONS 


Survival after cardiac rupture from blunt trauma is rare, 
with a survey of the literature yielding only 65 survivors, in- 
cluding those in this report. No other cases of atrial septal 
defect associated with chamber rupture and survival were 
found. Prompt recognition and operative treatment are es- 
sential to survival in chamber rupture. Routine postopera- 
tive echocardiography with agitated saline solution injection 
is useful to detect occult cardiac problems and injuries. 


Richard K. Parker, MD, Mercy Medical Center, Denver, Colo, pro- 
vided operative notes on the ASD repair in patient 1. Frederick J. Pa- 
shkow, MD, currently with the Cleveland (Ohio) Clinic, and Wyatt F. 
Voyles, MD, McKee Medical Center, Loveland, Colo, interpreted the 
echocardiograms. Evelyn Shipley assisted in the literature search. Her- 
tha Grimes, Henrike Froemke, and Frank Velazquez assisted in foreign- 
language translation. 
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Significant bleeding: hematemesis or bright red blood in aspirate, not clearing with 
lavage, or “coffee grounds” in aspirate for >8 to 12 hours or fii did not clear with 
lavage. Data from two randomized, double-blind studies. 
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Clinical Observation 


Pancreaticoduodenectomy Without Homologous Blood 
Transfusion in an Anemic Jehovah’s Witness 


Umur Atabek, MD: Richard K. Spence, MD; Mark Pello, MD; James Alexander, MD; Rudolph Camishion, MD 


@ Whipple pancreaticoduodenectomy is an accepted pro- 
cedure for management of periampullary and pancreatic 
carcinomas and has modern mortality rates of less than 
10%. The procedure is.associated with significant operative 
blood loss. Therefore, blood transfusion is an important 
supportive measure. We report the case of a bleeding am- 
pullary carcinoma in a Jehovah’s Witness who refused 
transfusion of all homologous blood products. Despite a 
preoperative hemoglebin level of 51 g/L, curative pancre- 
aticoduodenectomy was successfully performed. The suc- 
cess of the procedure can be primarily attributed to careful 
surgical technique, intraoperative autotransfusion, avoid- 
ance of postoperative complications, minimization of peri- 
operative phlebotomies, use of human recombinant eryth- 
ropoietin, and, possibly, the use of the perfluorocarbon 
emulsion Fluosol DA-20%. The case illustrates several im- 
portant principles for the surgical treatment of patients with 
severe anemia who refuse transfusion of homologous blood 
products. 
(Arch Surg. 1992;127:349-351) 


S ince Whipple’s first successful pancreaticoduodenec- 

tomy in 1935,' the procedure has been performed in 
thousands of patients, with progressive improvements in 
operative mortality rates. Recent series*’ report mortality 
rates below 10%. The procedure is well accepted for 
management of cancers of the ampulla, duodenum, and 
distal common bile duct, although its role in the manage- 
ment of pancreatic cancer is debatable. The reduction in 
operative mortality can be attributed to a number of fac- 
tors, including better patient selection, improvements in 
anesthesia techniques, better antibiotics, preoperative 
correction of coagulation defects, better nutritional sup- 
port, and the availability of blood products for transfu- 
sion. Blood product availability is particularly important 
because intraoperative and postoperative hemorrhage are 
frequent complications.’ 

Despite the availability of numerous modern tech- 
niques that improve the safety of surgery, physicians are 
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often asked to treat patients under suboptimal circum- 
stances. Patients who are Jehovah’s Witnesses often pose 
such a challenge because they do not accept blood trans- 
fusions, even in life-threatening situations. We report the 
case of a Jehovah’s Witness with an ulcerated, ampullary 
carcinoma and a hemoglobin level of of 51 g/L who 
underwent successful pancreaticoduodenectomy without 
homologous blood transfusion. 


CASE REPORT 


A 42-year-old woman who was a Jehovah's Witness presented 
to another hospital with a 2-month history of upper abdominal 
pains, poor appetite, and weight loss, and a 3-week history of 
jaundice, dark urine, and pruritus. On physical examination, no 
abdominal masses were palpable. Her stools were light in color 
and tested positive for occult blood. Laboratory studies showed 
a hemoglobin level of 120 g/L and a total bilirubin level of 
256 pmol/L. Ultrasound studies and computed tomographic 
scans of the abdomen showed dilated extrahepatic and intrahe- 
patic ducts, but no masses. Results of esophagogastroduode- 
noscopy showed an ulcerated mass at the ampulla of Vater. A 
duct opening could not be identified for cholangiopancreatogra- 
phy. Results of biopsy of the lesion were nondiagnostic. During 
hospitalization, the patient received subcutaneous heparin in- 
jections as prophylaxis against deep venous thrombosis. Over 10 
days, her hemoglobin level gradually decreased from 120 to 55 
g/L. The patient refused blood transfusions. She was transferred 
to our institution for further treatment. 

At transfer, the patient was alert and oriented and again ad- 
amantly refused transfusion of blood products. Laboratory val- 
ues on admission were as follows: hemoglobin, 55 g/L; total bi- 
lirubin, 300 pmol/L; alkaline phosphatase, 1571 U/L; and 
thrombocyte count, 262X10°/L. Prothrombin time, partial 
thromboplastin time, and bleeding time (Ivy method) were all 
normal. Results of esophagogastroduodenoscopy again identi- 
fied the ulcerated lesion at the ampulla of Vater, but no active 
bleeding. A second hemoglobin value was obtained, and the 
level was 49 g/L. Assuming that the ampullary lesion was slowly 
bleeding, an intravenous infusion of vasopressin was started. 
This was stopped when the patient complained of abdominal 
pains. The pains ceased after discontinuing the vasopressin. 
When the vasopressin infusions were reattempted with lower 
doses, the abdominal pains again recurred, necessitating dis- 
continuation. Her hemoglobin level subsequently stabilized at 50 
g/L, and there was no observable evidence of continuing 
gastrointestinal blood loss. 

The patient agreed to receive subcutaneous injections of hu- 
man recombinant erythropoietin (7500 U administered subcuta- 
neously three times weekly). Oral ferrous sulfate (325 mg three 
times daily) was also administered. During the next 2 weeks, her 
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reticulocyte count increased, and her hemoglobin level climbed 
from 51 to 76 g/L. We decided to wait until her hemoglobin level 
was higher than 100 g/L before attempting elective resection of 
the lesion. She was discharged from the hospital but continued 
to receive subcutaneous erythropoietin injections. 

Two weeks after discharge, her hemoglobin level was 61 g/L. 
She was readmitted to the hospital. Results of esophagogas- 
troduodenoscopy again showed the ulcerated ampullary lesion 
but no active bleeding. Her stools tested positive for occult 
blood. Erythropoietin injections were continued, and the patient 
demonstrated continuing reticulocytosis. Nonetheless, her he- 
moglobin level gradually decreased during the next 3 weeks to 
51 g/L. She agreed to an attempted resection of the tumor but 
adamantly refused transfusion of homologous blood products. 
She consented to an experimental protocol for use of a perfluo- 
rocarbon emulsion (Fluosol DA-20%, Alpha Therapeutics Corp, 
Los Angeles, Calif). She also agreed to the use of intraoperative 
autotransfusion. Before surgery, a pulmonary artery catheter 
was inserted to monitor cardiovascular hemodynamics. 

At laparotomy, a mass 1.5 cm in diameter was palpable through 
the duodenal wall in the region of the ampulla, and the common 
bile duct was dilated. No other signs of disease were evident in the 
peritoneal cavity. Results of a transduodenal biopsy and immedi- 
ate pathologic examination revealed adenocarcinoma. There was 
no evidence of local invasion beyond the duodenum or pancreas. 
A Whipple pancreaticoduodenectomy was performed. To mini- 
mize blood loss, the gallbladder was not removed, and a vagotomy 
was not performed. Gastrointestinal continuity was reestablished 
with pancreaticojejunostomy, choledochojejunostomy, and gas- 
trojejunostomy. Estimated operative blood loss was 800 mL. She 
underwent autotransfusion of 400 mL of red blood cells, which had 
been collected with a cell saver device. During the procedure, the 
patient received 1600 mL of Fluosol. Her hemoglobin level imme- 
diately after surgery was 38 g/L. 

One day after surgery, she received another 400 mL of Fluosol. 
Her hemoglobin level decreased to as low as 31 g/L. She continued 
to receive assisted ventilation for 2 days, with an inspired oxygen 
concentration of 100%, before extubation. Subsequently, she re- 
ceived supplemental oxygen via mask or nasal cannula. She con- 
tinued to receive subcutaneous injections of erythropoietin as well 
as parenteral nutrition. Her condition gradually improved, and she 
started eating 7 days after surgery. Her serum alkaline phosphatase 
level remained elevated (1783 U/L), although her total bilirubin 
level decreased to 26 pmol/L. Her hemoglobin level increased to 
58 g/L, and she was discharged from the hospital 20 days after sur- 
gery. At follow-up examination 2 months later, her alkaline phos- 
phatase level had returned to normal, and her hemoglobin level 
had increased to 76 g/L. 


COMMENT 


The risks associated with pancreaticoduodenectomy 
are well recognized, although the safety of the operation 
has improved over the years. Several recent series?” indi- 
cate modern operative mortality rates of well below 10%. 
Hemorrhage is the most common intraoperative compli- 
cation, although death due to hemorrhage is rare because 
it is normally possible to directly control bleeding and re- 
place lost blood. However, even without severe hemor- 
rhage, blood loss is usually sufficient to require blood 
transfusion. Crist et alí described a mean estimated blood 
loss of 1694 mL and a mean intraoperative blood replace- 
ment of 3.6 U for 47 pancreaticoduodenectomies per- 
formed between 1981 and 1986. Attempting such a resec- 
tion without blood availability clearly carries considerable 
risk. Nonetheless, our patient agreed to surgery because 
of the high probability that death would soon result from 
complications of worsening anemia and because of the 
potential for a surgical cure of the cancer. A bypass pro- 
cedure alone would not have been sufficiently palliative 
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Surgical Approach for Jehovah’s Witnesses 


Minimize blood drawing 

Perform only essential studies 

Use pediatric or micro tubes 

Return flush from arterial lines 
Stimulate erythropoiesis 

Replete iron stores 

Provide optimal nutritional support 

Administer exogenous erythropoietin 
Minimize blood loss during surgery 

Use cautery liberally 

Tie before cutting 

Perform sharp dissection 

Avoid rip-and-tear technique 

Stop all bleeding, no matter how minor 
Return lost blood via autotransfusion 
Adjuncts 

Operate early when active bleeding is present 

Use blood substitutes 

Administer oxygen 


because it could not control the bleeding. Resection of the 
lesion appeared to be the best approach. Surgical resec- 
tion in this circumstance appears to have palliative value 
even in patients with disease who cannot be cured with 
resection.’ 

The success of our procedure can be attributed to a com- 
bination of careful surgical technique, favorable anatomy, a 
physiclogically healthy patient, the elective circumstances, 
use of intraoperative autotransfusion, avoidance of major 
postoperative complications, minimization of perioperative 
phlebotomies, support of erythropoeisis, and, possibly, the 
use of a perfluorocarbon emulsion (Table). To our knowl- 
edge, this is the first patient to have undergone a Whipple 
resection using this approach. Our extensive prior surgical 
experience in Jehovah’s Witnesses indicates that intraoper- 
ative blood loss can be minimized with careful surgical 
technique.” Flectrocautery is used extensively in lieu of the 
scalpel. All vascular or potentially vascular structures are 
clamped and ligated before transection. Any bleeding ves- 
sel, nc matter how small, is controlled immediately. In our 
report” of 112 Jehovah's Witnesses who underwent surgery 
without transfusion, we noted that blood loss played a sig- 
nificant role in outcome. When blood loss was below 
500 mL, no patients died, regardless of preoperative hemo- 
globin levels. 

We have used Fluosol for treatment of acute, severe 
anemia in a randomized, controlled study of 46 Jehovah’s 
Witnesses." Fluosol had no overall influence, either pos- 
itive cr negative, on outcome in this group of patients. 
However, we found that the perfluorocarbon emulsion 
significantly increased dissolved oxygen 12 hours after 
infusion. Administration of 100% oxygen to these patients 
for short periods had no adverse effect. Unfortunately, 
the perfluorocarbon emulsion is eliminated rapidly from 
the circulation and cannot sustain the oxygen content in- 
crease beyond 24 hours. Although its value in this patient 
is difficult to measure, we believe that the administration 
of perfluorocarbon emulsion in the operative and imme- 
diate postoperative periods may add a margin of safety in 
patients who will not accept blood. 

Although elective surgery is associated with lower 
mortality rates than emergency surgery, operation should 
not be delayed in the actively bleeding patient who 
refuses blood transfusion. In our series of actively bleed- 
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ing Jehovah’s Witnesses, initial conservative treatment 
with delayed surgery led toa 75% mortality rate compared 
with a 20% mortality rate in patients who underwent 
emergency operation within 24 hours of admission to the 
hospital.’* The initial delay in surgery for our patient ap- 
peared to be reasonable because her bleeding appeared to 
be slower than the rate of erythropoiesis obtained with 
administration of excgenous erythropoietin. 
Autotransfusion has become accepted practice for 
many surgical procedures and decreases the need for ho- 
mologous blood products.’ However, the use of intraop- 
eratively collected blood in patients with cancer is contro- 
versial because of the theoretical possibility of transfusing 
free-floating cancer cells, which may potentially cause 
metastatic disease. There is evidence that cancer cells 
processed by a cell saver device will pass through the fil- 
ters and resuspend with the red blood cell component.'*” 
However, the clinical importance of the problem is still 
unclear. Hart et al’® could not define any tumor dissem- 
ination attributable to autotransfusion in their follow-up 
of 49 patients who underwent radical cystectomy. 
Autotransfusion can also pose a religious problem for 
Jehovah’s Witnesses because autologous blood cannot be 
used once it completely leaves the body. Our intraoper- 
ative autotransfusions are performed through a continu- 
ous circuit running from patient to cell saver device and 
then back to the patient. This consists of piggybacking a 
dedicated intravenous line from the autotransfusion de- 
vice to the patient for blood return. The line is kept open 
with saline infusion via a three-way stopcock until suffi- 
cient blood is collected for return. Washed blood is 
returned by turning the stopcock to reestablish flow be- 
tween the reinfusion bag and the patient. The configura- 
tion is similar to that used for open heart surgery and is 
acceptable to most Jehovah’s Witnesses because the blood 
is never out of a continuous circuit with the body. 
Other important considerations in managing these pa- 
tients include minimization of perioperative phleboto- 
mies and maximization of erythropoiesis. An analysis by 
Smoller and Krushkall” of blood loss associated with di- 
agnostic testing in patients in intensive care units showed 
an average loss of 41.5 mL/d. Total blood loss as high as 
944 mL/d was observed in patients with arterial lines. For 
Jehovah’s Witnesses receiving care at our institution, 
phlebotomies are minimized, only pediatric tubes are 
used for blood collection, and arterial lines are removed 
quickly. To maximize erythropoiesis, nutritional support 
is provided and total body iron stores are repleted. 
Recently, recombinant erythropoietin has also been used. 
Current erythropoietin formulations use human serum 
albumin as the carrier. Each Jehovah’s Witness is allowed 
to decide whether to accept or refuse the drug. To date, 
as part of a clinical trial of erythropoietin, we have treated 
10 patients with severe anemia who refused transfusions. 
Although this study is in its preliminary phase, it is our 
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impression that erythropoietin reduces the time required 
to recover red blood cell mass. In our patient, shortening 
the time from diagnosis to surgery was critical if a cure 
was to be effected. 

In recent years, evidence has been presented that ho- 
mologous blood transfusions may adversely affect sur- 
vival in patients with cancer. Tartter’® reviewed 23 stud- 
ies and addressed the issue of cancer recurrence after 
blood transfusion. These studies evaluated cancers of the 
colorectum, breast, lung, kidney, cervix, and prostate as 
well as soft-tissue sarcomas. Fourteen studies showed 
earlier recurrence in patients who underwent blood 
transfusion, seven found no difference, and two showed 
an improvement in survival with blood transfusion. 
Whether our avoidance of blood transfusion will favor- 
ably affect the outcome in our patient is unknown. 
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Surgical History 





History and Current Status of Scoring Systems 
for Critical Care 


David H. Wisner, VD 


® Scoring systems for quantifying critical illness and pre- 
dicting outcome are being used increasingly for resource 
utilization analysis and quality assurance purposes. The 
history of the development of these systems, the rationale 
for their use, and the data elements and statistical methods 
involved in these systems were reviewed. There are obvious 
advantages of scoring systems for the analysis of large 
groups of patients. At the same time, there are limitations 
of such systems in the treatment of individual patients. 
While improvement and refinement of existing scoring sys- 
tems is likely to occur with time, these limitations must be 
kept in mind. 
(Arch Surg. 1992;127:352-356) 


T he systematic approach to quantifying illness in crit- 

ically ill patients is a recent phenomenon.’ The de- 
velopment of such systems has been spurred by the need 
for methods to compare patient populations and severity 
of illness, objectively predict mortality, and guide alloca- 
tion of critical care beds and other resources. The idea of 
separate areas of a hospital devoted specifically to the care 
of the critically ill is also relatively new, and as this con- 
cept has become firmly entrenched in our thinking about 
patient care, the need for tools with which to describe and 
evaluate objectively the critically ill has become more and 
more apparent. 

A number of approaches can be taken to the description 
of critical illness. One method is to examine a large num- 
ber of different measures of physiology and organ func- 
tion, grade them, and then combine them to describe a 
patient's status. These systems can be either global, 
encompassing as many measures of physiology as possi- 
ble, or more focused, concentrating on specific functional 
areas, such as the respiratory or cardiovascular systems. 
A theoretical advantage of the global approach is that it 
more completely describes a patient’s physiologic state. A 
disadvantage is that as the number of input variables 
grows, data collection becomes more labor intensive and 
difficult, and the likelihood of not being able to collect all 
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of the necessary information to calculate the score in- 
creases. Focused systems, conversely, make it easier to 
collect data but do not as fully describe the patient. 

An alternative method to the physiologic approach de- 
scribed above is to score the therapeutic measures taken 
in treating a patient. One of the earliest attempts to qual- 
ify cridcal illness, the Therapeutic Intervention Scoring 
Syster, reported by Cullen et al’ in 1974, was the proto- 
type seore of this type. Point values between 1 and 4 were 
subjecively assigned to 57 different types of therapeutic 
interventions. Examples of these point assignments are 
seen in Table 1. The point totals accumulated during each 
24 hocrs of care were summed to produce the Therapeu- 
tic Intervention Scoring System. The system is a means of 
loosely categorizing patients, quantifying their degree of 
illness. and tracking the cost of critical care services rela- 
tive to the degree of illness. It has also been used to direct 
the utilization of critical care facilities and nursing services 
in the hospital where it was devised. Implicit assumptions 
of the Therapeutic Intervention Scoring System were that 
the therapeutic measures taken were correlated with the 
derangement in physiology and the degree of illness, that 
therapy was similar from hospital to hospital and between 
patient groups, and that the therapeutic measures em- 
ployec were always appropriate. These assumptions are 
not always valid. 

Ancther approach is to measure blood levels of differ- 
ent sudstances in an attempt to correlate the levels with 
prognosis and outcome.*” Blood levels of lactate, free fatty 
acids, a number of different amino acids, and a variety of 
hormcnes have been used in this manner. While this ap- 
proack has been used only to a limited degree, it is a 
highly objective means of quantifying serious illness. As- 
sumptions of such an approach are that there is a corre- 
lation between the serum levels of the substances in 
question and that these substances are always reliably 
measurable. 


EARLY SCORING SYSTEMS 


One of the progenitors of general physiologic scoring 
systems was the Sepsis Score, developed by Elebute and 
Stoner” in 1983. The Sepsis Score categorized the clinical 
features of the septic state into four areas: (1) local effects 
of tissae infection, such as the extent of a pneumonia or 
peritonitis, (2) pyrexia, (3) secondary effects of sepsis, 
such as various types of organ failure, and (4) laboratory 
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Table 1.—T \erapeutic Intervention Scoring System: 
E amples of Point Assignments 


Intervention 
























Controlled ve tilatian 
Atrial/ventricu ar pacing 

Hyperaliment tion 

Chest tubes 

Tracheostomy zare 

Central venot pressure measurement 
Electrocardiog am monitoring 


wa wax So Ww we ww ah 


Urinary cathe -r 


_ Table 2.— Sepsis Score: 
E ampies of Paint Assignments 
Points 
ocal =ffects of Tissue Infection 
Wound infectic 1 with purulent drainage 
Requiring lig t dressing change nor more 
than once day 2 
Requiring m e involved wound care 4 
Peritonitis 
Localized 2 
Generalized 6 
Pyrexia 
Maximum daily temperature, “C 
36.0-37.4 0 
37.5-38.4 1 
38.5-39.0 2 
>39.0 3 
<36.0 3 
Secondary Effects of Sepsis 
Metabolic acid is 
Compensate 1 
Uncompens: >d 2 
Laboratory Data 
One positive b od culture 1 
Two positive b >d cultures separated 
by 24 h 3 


data (Table 2). Point totals were assigned to abnormalities 
in each of these arees. Increasing scores were associated 
with an increasing degree of physiologic derangement. 
The Sepsis Score had the advantage of relative simplicity 
but was subjective with respect to some of the judgments 
necessary to assign points appropriately. Although a 
fairly good predicater of mertality, the Sepsis Score was 
developed with the use of a priori and subjective assign- 
ment of point values to different types of derangements. 
It also applied exclusively te sepsis and was not as good 
a tool for other types of physiologic derangement seen in 
critically ill patients. 

Another scoring system that attempted to quantitate 
sepsis, the Sepsis Severity Score, was reported in 1983 by 
Stevens.’ Seven orgen systems were described, and point 
totals were assignec to characteristics of each (Table 3). 
The maximum number of paints possible for each system, 
describing the maximal amount of physiologic derange- 
ment, was 5. This resulted in a maximal score for the en- 
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tire system of 35. The Sepsis Severity Score, like the Sep- 
sis Score, was relatively easy to calculate and included 
many objectively derived laboratory values or easily 
quantifiable variables, such as the amount of positive 
end-expiratory pressure. Some of the elements, however, 
such as the degree of ileus, were subject to observer vari- 
ability. Like the Sepsis Score, the Sepsis Severity Score 
was based on a priori reasoning about which organ sys- 
tems are important determinants of outcome and how 
point ass gnments should be made. The Sepsis Severity 
Score was tested against a large number of septic patients 
and proved to be a reasonably good predictor of mortal- 
ity. It shared with the Sepsis Score the disadvantage of 
having originated with a focus on sepsis alone and was 
therefore not necessarily a good predictor of outcome in 
critically ll patients without sepsis. 


THE ACUTE PHYSIOLOGY SCORE AND APACHE SCORES 


At about the same time that the Sepsis Score and the 
Sepsis Severity Score were being developed and reported, 
a more generalized approach to describing critical illness 
was developed by Knaus et al.** The Acute Physiology 
Score was the result. The Acute Physiology Score was 
created by assigning point values from 0 to 4 for 34 phys- 
iologic and laboratory data elements from a number of 
different organ systems (Table 4). Like the Sepsis Score 
and the Sepsis Severity Score, the Acute Physiology Score 
point assignments were made arbitrarily by a group of 
experts based on experience and available literature data. 
Higher scores indicated increasing physiologic derange- 
ment. 

Unlike the Sepsis Score and the Sepsis Severity Score, 
the Acute Physiology Score contained only objective data 
and was -elatively simple to calculate when all of the nec- 
essary data were available. This was not always a reason- 
able assumption, and in some patients, data were avail- 
able to allow for scoring of all of the 34 variables included 
in the score. When data were not available, the variable 
with the missing data was assumed to be normal and a 
point value of 0 was assigned to it. This approach was 
based on the presumption that if a variable was abnormal 
or impor-ant in describing the degree of physiologic de- 
rangement in a given patient, it would always be mea- 
sured and available. While this assumption may be valid 
in most cases, it is not necessarily universally true. 

The acvantages of the Acute Physiology Score were 
that it was applicable to patients with many different 
types of critical illness. It also had the advantage of min- 
imal subvectivity in the point assignment process. The 
disadvantages of the system were that it involved a large 
number of measurements and was not necessarily reliable 
in smaller subgroups of critically ill patients because the 
type of physiologic derangement seen in patients with 
different types of disease might be different. For example, 
the amount and type of physiologic derangement seen in 
patients with trauma or patients who had undergone 
general surgery might require different scoring than the 
same derangement seen in medical patients or patients 
who had undergone cardiac surgery. 

Another disadvantage of the Acute Physiology Score, a 
disadvantage this score shared with the Sepsis Score and 
the Sepsis Severity Score, was that it did not take into ac- 
count petentially important comorbid factors, such as 
preexisting health. To overcome this difficulty, a factor 
descriptive of preexisting health was added to the Acute 
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Table 3.—Sepsis Severity Score: 


Examples of Point Assignments* 


Rating of Dysfunction 


System 





Lung Oxygen by mask Intubated, no PEEP 
GI tract Mild ileus Moderate ileus 
Kidney Creatinine, Creatinine, 


133-221 pmol/L 230-309 pmol/L 





PEEP, 0-10 PEEP >10 cm H,O, Maximal PEEP, 
cm H,O PO: >50 mm Hg PO, <50 mm Hg 
Severe ileus Bleeding due to Mesenteric 
erosive gastritis venous 
thrombosis 
Creatinine, Creatinine, Creatinine, 
>318 pmol/L >318 pmol/L; >309 pmol/L; 
adequate urine urine volume, urine volume, 
volume 20-50 mL/h <20 mU/h 


“Similar rating scales were also created for cardiovascular, coagulation, liver, amd neurologic systems. GI indicates gastrointestinal; PEEP, 
positive end-expiratory pressure. 





Table 4. 


Variable 








Mean blood pressure, mm Hg 2160 131-159 111-130 
Serum sodium, mmol/L >180 161-180 156-160 
Rectal temperature, °C >41.0 39.1-41.0 No value 
Glasgow Coma Scale score 3 4-6 7-9 


*Similar point assignments were made for 30 other variables. 


Physiology Score. This factor, known as the Chronic 
Health Evaluation, was determined by categorizing pa- 
tients into one of four chronic health evaluation catego- 
ries, labeled A, B, C, and D and ranging from previous 
good health (A) to severe restriction of activity due to dis- 
ease (D).’ Definitions of these categories were somewhat 
subjective. The results of the calculation of the Acute 
Physiology Score was combined with the results of the 
Chronic Health Evaluation. The result was known as the 
Acute Physiology and Chronic Health Evaluation Score, or 
APACHE. The letter assigned by the Chronic Health 
Evaluation was added to the score calculated by the Acute 
Physiology Score. 

When the ability of this system was subjected to logis- 
tic regression to determine its ability to predict mortality, 
the Acute Physiology Score was found to be more impor- 
tant than the Chronic Health Evaluation in determining 
outcome. This analysis also emphasized that while the 
APACHE score was useful statistically in predicting out- 
come in large groups of patients, its power to predict out- 
come in any given individual patient was limited. The 
APACHE was a good way to quantify critical illness so 
that the degree of physiologic derangement could be 
compared between different patients. 

The APACHE was a step forward in quantifying the 
degree of critical illness and predicting outcome, but there 
were a number of limitations to this approach, several of 
which have already been mentioned. The system was 
complicated and involved the collection of a great deal of 
data. Chronic health status, although incorporated into 
the system, was not numerically included with the Acute 
Physiology Score data, and the effects of age were 
ignored. To overcome these limitations, the APACHE 
score was revised by its creators, and the revision was re- 
ported in 1985 as the APACHE II score." Instead of the 34 
original variables included in the original APACHE score, 
APACHE II was simplified to 12 variables thought by 
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—Acute Physiology Score: Examples of Point Assignments* 





No value 


151-155 130-150 No value 120-129 110-119 <110 
38.6-39.0  36.0-38.5 34.0-35.9 32.0-33.9 30.0-31.9 =29.9 
10-12 13-15 















70-110 No value 51-69 No value <50 















commonsense reasoning and demonstrated through ex- 
perience to be most closely correlated with outcome and 
the degree of critical illness. These 12 variables were tem- 
perature, mean arterial pressure, heart rate, respiratory 
rate, oxygenation, arterial pH, serum sodium level, serum 
potassium level, serum creatinine level, hematocrit, white 
blood cell count, and Glasgow Coma Scale score. In ad- 
dition, age was considered as a factor. The Chronic Health 
Evaluation portion of APACHE was modified and quan- 
tified so that it could be incorporated directly into the 
point total of the APACHE score. Of interest to surgeons, 
part of the modification of the Chronic Health Evaluation 
was inclusion of the patient's operative vs nonoperative 
status and assignment of a greater number of points to 
patients recovering from emergency surgery as opposed 
to those recovering from elective surgery. 

The APACHE II consisted of three elements. These 
were the revised Acute Physiology Score, age, and the 
revised Chronic Health Evaluation. Point totals for these 
three elements were summed to produce the score. Val- 
ues for APACHE II scores ranged between 0 and 71. Af- 
ter the development and description of the APACHE II 
score, its validity was tested by using it to predict outcome 
in a large number of patients with different types of crit- 
ical illness. The APACHE II proved to be a good predic- 
tor of outcome. 

To derive an equation for predicting probability of 
death in individual patients, APACHE II score data were 
included as one of several variables combined to create a 
multiple logistic regression equation. The equation took 
the following form: 


In (R /1— R) = A+B,X,+B,X,+B3;, 
where R was the relative risk of death, A was a constant 
(—3.517; the intercept of the equation), B, was a constant 


(0.146), Xı was the computed APACHE II score, B, was a 
constant (0.603), X, was 1 if the patient had undergone an 
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Table 5.—APACHE Hl: Examples of B, Constants for — 
Different Principal Diagnostic Categories Leading to 
ICU Admission* 


Diagnostic Category B, Constant 















COPD —0.367 
Neoplasm +0.891 
Dissecting thoracic/abdominal aneurysm +0.731 
Gl tract bleeding +0.334 
Multiple trauma —1.684 
Hemorrhagic shock —0.682 
Postoperative heart valve surgery —1.261 
GI tract perforation’ebstruction +0.060 






*APACHE I! indicates Acute Physiology and Chronic Health Eval- 
uation Score (revised); ICU, intensive care unit; COPD, chronic 
obstructive pulmonary disease; and Gl, gastrointestinal. 


emergency operaticn and 0 if the patient was nonopera- 
tive or had undergone elective surgery, and B; was a con- 
stant relating to the patient's primary disease process. The 
appropriate constant for B, was found from a large table 
of derived values for different disease processes (Table 5). 
Large positive values for B, were indicative of an increased 
likelihood of mortality. 

By incorporating the appropriate constants, the equa- 
tion became the following: 


In (R/1—R)= —2.517+(0.146 APACHE II) 
+(0.0603 postoperative emergency) + Bs. 


An example calculation of probability of death in an in- 
dividual patient is as follows: a postoperative patient op- 
erated on emergently ‘or perforated duodenal ulcer is ad- 
mitted to the intensive care unit. The computed APACHE 
II score is 18. The formula outlined above, with insertion 
of the appropriate values for X;, Xz, and B;, becomes the 
following: 


In (R/1—R) = —3.517+ (18 x 0.146) +(1 x 0.0603) + 0.060. 


The value for B; is obtained from the list of constants in 
Table 5. Calculation of this formula results in the following: 


ln (R/1—R)= 0.7977. 


The relative risk of death, R, therefore, is 0.44 and pre- 
dicts a 44% chance of death in this individual patient. 

Average predicted death rates for groups of patients 
were computed by calculating the probability of death for 
each individual in the group, summing the individual 
risks, and dividing by the total number of patients. 

These modificacions of the original APACHE into 
APACHE II allowed for improved predictive value in 
large numbers of patients, simplification of data collec- 
tion, and the abili-y to predict likelihood of mortality in 
both groups of patients and individuals. 

The APACHE II has become popular and is currently 
the most widely used critical care quantification system. 
Its advantages and capabilities have been outlined above. 
It has been validated in a large number of critically ill pa- 
tients with a variety of different illnesses. Its applicability 
to patients with surgical illness is fairly good in the groups 
against which it Fas been tested. The APACHE II does 
require some subvectivity in determining the state of a 
patient’s chronic health, whether an operation has been 
done emergently or electively (what constitutes an emer- 


Arch Surg—Vol 127, March 1992 


gency is not always obvious, and not all emergency pro- 
cedures are equally emergent), and classifying a patient 
into a single category for determining the primary disease 
process. Some patients suffer from more than one pri- 
mary disease requiring critical care provision, and deter- 
mination of which principal diagnostic category led to 
their intensive care unit admission can be problematic. 
Overall, however, the APACHE II is an important ad- 
vance in our ability to compare patients and quantify crit- 
ical illness. 


OTHER SCORING SYSTEMS 


The Sepsis Score, Sepsis Severity Score, and APACHE 
score were based on the idea of quantifying a number of 
different physiologic variables and descriptors of disease. 
Systems limited to smaller amounts of information have 
also been tried and have the advantage of extreme 
simplicity because they are not as comprehensive as the 
generalized physiologic scores. By the same token, they 
suffer from the potential of having less predictive power 
precisely because they are more limited in scope. 

The Prognostic Nutritional Index (PNI) used easily ob- 
tained measures of nutritional status to predict the likeli- 
hood of a complication developing in surgical patients.” 
The elements of the PNI were the serum albumin level in 
grams per deciliter, triceps skin fold thickness in millime- 
ters, serum transferrin level in milligrams per deciliter, 
and cutaneous delayed-type hypersensitivity as mea- 
sured with recall antigens for mumps, streptokinase- 
streptodornase, and Candida, where the degree of indu- 
ration is graded 0 for none, 1 for 0 to5 mm, and 2 for more 
than 5 mm. Using these definitions, the PNI, or likelihood 
that a patient would develop a complication, took the fol- 
lowing form: 


PNI (%) = 158 — 16.6 (albumin) — 0.78(triceps skin fold 
thickness) — 0.20(transferrin) — 5.8(delayed- 
type hypersensitivity). 

For example, the PNI ina patient with a serum albumin 
level of 3.5 g/dL, a triceps skin fold thickness of 11 mm, 
a serum transferrin level of 220 mg/dL, and a delayed hy- 


persensitivity reaction measuring 3 mm would be calcu- 
lated as follows: 


PNI = 158 — 16.6(3.5) — 0.78(11) — 0.2(220) —5.8(1). 


The PNI in this patient is 42, which predicts a 42% chance 
of the development of a complication. 

The PNI correlated moderately well with the develop- 
ment of complications in surgical patients and could be 
used to decide which patients were in need of aggressive 
nutritional support. 

The Hospital Prognostic Index used some of the same 
elements found in the PNI to predict mortality.'* The dis- 
criminant function equation of the Hospital Prognostic 
Index for survival was as follows: 


0.91(albumin) — (delayed-type hypersensitivity) — 
1.44(sepsis) +0.98(diagnosis) — 1.09, 


where albumin was albumin concentration in grams per 
deciliter, delayed-type hypersensitivity was 1 if there was 
greater than 5 mm of induration in response to one or 
more antigens and 2 if there was less than 5 mm of indu- 
ration in response to all antigens, sepsis was 1 if present 
and 0 if absent, and diagnosis was 1 if cancer and 2 if not 
cancer. 
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The discriminant function equation for a patient with a 
serum albumin level of 2.9 g/dL, delayed-type hypersen- 
sitivity induration of greater than 5 mm, sepsis, and a di- 
agnosis of cancer becomes the following: 


0.91(2.9) — (1) — 1.44(1)+0.98(1) — 1.09 = 0.09. 


This value, very close to zero, predicts approximately 50% 
survival. The discriminant function result predicts 10% 
mortality if the result is approximately +2, 25% mortality 
for a result of +1, 50% mortality for a result of 0, 75% mor- 
tality for a result of — 1, and 90% mortality for a result of — 2. 

The Hospital Prognostic Index was relatively simple, 
but the decision about whether a patient was septic or not 
was subjective, and this approach was not as predictive 
as more complicated systems in determining prognosis 
and outcome. 

In the late 1970s, Shoemaker et al! reasoned that car- 
diorespiratory variables were the best and most important 
predictors of outcome and descriptors of physiologic de- 
rangement. Elaborate statistical treatments of a large num- 
ber of cardiac and respiratory variables revealed that some 
of the variables either individually or in select combina- 
tions predicted death with some reliability. Some of the 
variables examined, such as blood pressure and heart rate, 
were simple to measure. Many of the variables, however, 
such as measurements of systemic vascular resistance and 
pulmonary capillary wedge pressure, required invasive 
monitoring. While these cardiorespiratory variables were 
shown to have some predictive power, they were not com- 
bined into a definitive equation for the prediction of out- 
come in individuals or groups of patients. 

A recent attempt has been made to simplify the quan- 
tification of critical illness and outcome prediction. Vassar 
et al,“ both retrospectively and prospectively, analyzed a 
number of different physiologic variables and APACHE II 
scores in a large number of patients after trauma. For this 
group of patients, positive fluid balance of greater than 3 
L during the first 24 hours of the patient's intensive care 
unit stay was a reliable predictor of mortality and the de- 
velopment of pulmonary failure. Fluid balance as a pre- 
dictor was independent of other measures of illness 
severity and, in some respects, was as good a predictor as 
APACHE II scores. 

The advantages of this approach are obvious. Fluid 
balance measurements are readily available and easily 
calculated. The limitations of the approach are also obvi- 
ous. The validity of the system has been tested to date 
only in one institution in a select group of patients. 
Resuscitation practices for different disease processes and 
the timing of admission to an intensive care unit may vary 
widely from institution to institution. Multi-institutional 
trials of this approach to quantifying critical illness are 
currently under way. 


CONCLUSION 


As we have seen, none of the systems developed to date 
is perfect, and it is unlikely that the perfect system will 
ever exist. Quantification and prognostic systems for crit- 


356 Arch Surg—Vol 127, March 1992 


ical illness continue to evolve. They already have a well- 
defined role in the quantification of illness so that groups 
of patents in different institutions and undergoing dif- 
ferent modes of therapy can be compared. They are also 
used t some extent to determine appropriate interven- 
tions and levels of care. The APACHE II scores, for 
example, are sometimes used in helping to determine the 
degree of operative intervention necessary in patients 
with bacterial peritonitis and pancreatitis. 

Scoring systems will become increasingly important 
as critcal care resources become more expensive and 
the systems may be used in the future to allocate both 
resources and funding for critical care. Determination 
of the level of illness and correlations with outcome 
may also be used for quality assurance as a screen to 
determine cases requiring further review. A patient 
who d-es with an APACHE II score predicting survival 
might >e a reasonable candidate for in-depth review of 
the care provided. While none of these prospective 
uses fcr critical care scoring systems is necessarily wel- 
come, -hey are increasingly likely. Accordingly, in spite 
of the complicated statistics and often bewildering ac- 
ronyms that can turn the study of scoring systems into 
a confusing alphabet soup, it is important for clinical 
surgeons to develop at least a rudimentary knowledge 
of these systems as they play an increasing role in 
clinical and financial decision making. 
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Autologous Whole Plasma Fibrin Gel 


Intraoperative Procurement 


Alan R. Hartman, MD; Dennis K. Galanakis, MD; Mark P. Honig, MD; Frank C. Seifert, MD; 
Constantine E. Anagnostopoulos, MD 


è Fibrin glue is a relatively recent addition to the arma- 
mentarium of hemostatic agents for surgical use. Its efficacy 
has been repeatedly demonstrated in almost all surgical 
disciplines and subspecialties. Its use in the United States 
has been limited because of the risk of viral transmission 
associated with the use of human plasma. Previous authors 
have described techniques that limit this risk, but they are 
frequently impractical, expensive, or cumbersome. We de- 
scribe the use of patients’ own fresh plasma to make fibrin 
gel at the operative field. It provided hemostasis at least as 
good as that from heterologous plasma glue in 40 cardiac 
surgical patients. Autologous whole plasma fibrin gel is in- 
expensive and safe and eliminates the risk of viral transmis- 
sion associated with glue derived from heterologous donor 
plasma. 
(Arch Surg. 1992;127:357-359) 


ne of the major technical advances in surgery during 
the late 1980s has been the clinical use and refine- 
ment of fibrin glue as a hemostatic sealant. Numerous ac- 
counts of its hemostatic capability can be found in the 
European literature. It has been used in virtually every 
discipline of surgery, including cardiovascular 
procedures,‘ colonic anastomoses,’ lymphovenous 
anastomosis,® thoracic pulmonary procedures,’ plastic 
surgery,® and trauma.*” Its use in the United States has 
been limited due to the 1978 ban" by the Food and Drug 
Administration on the sale of commercially prepared 
fibrinogen concentrate made from pooled donor plasma 
related to the potential risk of transmitting viral 
infections. 

The Centers for Disease Control has estimated the risk 
of viral transmission through blood transfusion to vary 
between 8% and 18%, depending on geography, the pa- 
rameters used for making the diagnosis of infectivity, and 
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the particular viral agent suspected.” Although non-A/ 
non-B hepatitis has been responsible for the majority of 
posttransfusion infections, undetectable hepatitis B ap- 
pears to be a significant part of this group, while human 
immunodeficiency virus transmission is a small but grow- 
ing concern. 

A major advance in screening for acceptable donors 
emerged with the discovery of the non-A/non-B or hep- | 
atitis C virus? and the subsequent application of a sero- 
logic test to detect persons exposed to and presumed car- 
riers of this virus." Nevertheless, a large time window 
remains following initial exposure during which serologic 
detection of hepatitis B and C and human immunodefi- 
ciency viruses is not currently possible. 

To prepare fibrin for surgical hemostasis, two reagents 
are required, fibrinogen and thrombin. In reported work, 
fibrinogen is, in most instances, obtained from plasma 
cryoprecipitates. 

The cryoprecipitate component of the fibrin glue repre- 
sents a plasma derivative from homologous blood, 
thereby raising the possibility of viral transmission.” Al- 
though the exact incidence of disease transmission from 
cryoprecipitate is not known, it is safe to assume that it is 
not less than that which has been estimated for blood. 
Topical thrombin is derived from a commercially pre- 
pared bovine source. To date, no human viral agents have 
been identified in bovine thrombin, making this agent 
acceptable for topical use. 

To reduce the risk of disease transmission, techniques 
have been developed for the preparation of fibrin glue 
from single-donor fresh-frozen plasma.'*"* Other at- 
tempts to decrease or eliminate the risk of disease trans- 
mission include pasteurization of donor-derived fibrin 
glue” and a preoperative cryoprecipitated preparation of 
fibrin glue from the patients’ own blood.” 

We propose a new intraoperative method for preparing 
autologous fibrin, which we term gel since it is not of cry- 
oprecipitate origin. The procedure is reasona Kilt 
inexpensive, and safe. Additionally, autologous fibi geb 
appears to have adequate bonding power for surgical he- 
mostasis and eliminates the risk of disease ttánsmission.) K 
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Fig 1.—/nverted syringes that are set aside to allow sedimentation 
of cellular blood components. 





Fig 3.—The autologous fibrin gel preparation is created by a 
two-syringe technique combining the plasma with thrombin. 


to 180 mL of venous blood is withdrawn from the patient and 
placed in individual 60-mL syringes containing 0.5 mL of 46.7% 
trisodium citrate anticoagulant. The syringe is capped and 
inverted and set aside in an immobile position to allow sedi- 
mentation of cellular blood components during the operative 
procedure (Fig 1). When required, all but 5 mL (the buffy-coat- 
rich portion) of the fractionated plasma is withdrawn and placed 
into a separate 30-mL syringe (Fig 2). 

A second syringe is prepared containing approximately 20 to 
40 U/mL of bovine thrombin in addition to 0.04 mL of 10% cal- 
cium chloride per milliliter of solution, all diluted with normal 
saline. The autologous fibrin gel preparation is created by a two- 
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Fig 2.—A / except the buffy-coat portion of the fractionated plasma 
is withdrawn into a separate 30-mL syringe. 





Fig 4.—A hick gel-like sealant is created within seconds. 


syringe application (Fig 3). In our clinical trial, each 60-mL 
syringe of blood provided between 20 and 30 mL of plasma for 
fibrin gel use. The buffy coat (approximately 5 mL) of the plasma 
near the red blood cell interface is discarded to avoid possible fi- 
brinolysis by cellular elements. 


METHODS 


To compare the clinical efficacy of whole plasma fibrin gel with 
that of fibrin glue prepared from cryoprecipitate, 40 patients un- 
dergoing coronary artery bypass were prospectively grouped 
according to one of the two methods on an alternate-day basis. 
Twenty tc 30 mL of sealant was sprayed on distal and proximal 
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Postoperative Mediastinal and Chest Tube Blood 
Mean + SEM Blood Output, mL 











16 h* 40 ht 








Autologous gel 
Cryoprecipitate glue 


* 05<P<.10. 
+P>.10 by Student's t est. 


anastomoses, the internal mammary artery 


pedicle, and the aor- 
tic and atrial cannulation sites. Total output of blood from chest 
tubes was measured at 16 and 40 hours. 


RESULTS 


Both autologous fibrin gel and fibrin glue produce a 
thick gel-like sealant within seconds of application. None 
of the patients in either group required reexploration for 
bleeding, and postoperative chest tube outputs were 
similar and consistent with those reported previously. In 
fact, there was a trend toward less chest tube output in the 
autologous gel group (Table). 7 


COMMENT 


The rate of fibrin clot formation depends on the 
concentration of thrombin in the thromboplastic solution. 
The higher the concentration, the faster the gel will form. 
Our solution of 500 U of bovine thrombin is sufficiently 
excessive to initiate adequate clot formation within 5 sec- 
onds of application. Calcium chloride is added because it 
is necessary for stabilization of the fibrin clot.” Thrombin 
activates plasma factor XIII to its enzyme form, factor XI- 
Ila or plasma transglutaminase. This enzyme catalyzes 
the formation of covalent bonds between adjacent fibrin 
molecules following their noncovalent assembly to form 
the fibrin gel. Calcium is essential for this stabilization to 
occur. 

An additional effect is that calcium accelerates the for- 
mation of the fibrin gel. To provide calcium ions in the 
clotting mixture, the citrate that binds calcium in plasma 
must be neutralized. The amounts of calcium were calcu- 
lated to achieve this and to provide unbound calcium in 
the mixture. Generally, a severalfold molar excess of cal- 
cium over citrate is quite sufficient for this purpose. 

Possible in vivo differences between the fibrin gels 
formed from whole, fresh, citrated plasma and those 
formed from cryoprecipitates remain unexplored. Al- 
though cryoprecipitate contains at least a severalfold 
higher concentration of fibrinogen than normal plasma, 
this may not be important to clinical efficacy. To date, 
there is no evidence in the literature, to our knowledge, 
that cryoprecipitate fibrinogen diluted to plasma levels is 
less effective than that applied undiluted. We found that 
gel from fresh plasma was at least as effective as that from 
cryoprecipitate. 
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Our intraoperative technique provides a sufficient 
quantity and quality of fibrin gel to achieve clinical bond- 
ing power within 2 hours of initial skin incision; therefore, 
it can be used in both elective and emergency settings. 
The intraoperative procurement of autologous fibrin gel, 
eliminating the dependence on expensive laboratory 
facilities or the use of homologous blood products, allows 
this product to be provided at low cost with no risk of 
disease transmission. 

This method of intraoperative procurement of fibrin gel 
is a safe, rapid, and inexpensive means of providing an 
additional hemostatic adjunct to the surgical patient. 
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CORRESPONDENCE AND BRIEF COMMUNICATIONS 





Laser Use During Open 
Cholecystectomy 


To the Editor.—I read the article by 
Pearlman et al,' published in the Au- 
gust 1991 issue of the ARCHIVES , with 
interest. The authors compare inci- 
sional time, blood loss, pain, and 
healing prospectively following inci- 
sion with a carbon dioxide laser, 
scalpel, or electrocautery. Several ob- 
servations and clarifications are in 
order. 

While the authors purport to com- 
pare these surgical modalities in an 
unbiased fashion, it is clear that the 
study design is biased against scalpel 
and laser incisions. In both cases, 
bleeding is controlled with clamping 
and ligature, which, while an ac- 
cepted method of management, will 
inevitably require more time and 
may well result in greater blood loss 
before the vessels are controlled with 
clamping. Wounds created by laser 
were begun with scalpel (probably 
producing additional blood loss) and 
then completed by laser. 

Other, more subtle, design flaws 
exist in regard to the laser parameters 
used. The authors report using 35 W 
of continuous power and a 1-mm 
spot size, which, at first glance, 
would appear to be equivalent to the 
25- to 35-W cutting cautery current 
used. It must first be recognized that 
these modalities are not comparable. 
Further, the energies selected for the 
laser are well below those recom- 
mended for incisions,*+ as summa- 
rized in the Table. 

These parameters result in signifi- 
cantly higher energies being applied 
to tissue, resulting in improved 
speed and hemostasis with less tis- 
sue injury due to thermal conduc- 
tion.” Power density (PD) is the pa- 
rameter for effective laser work 
(PD=W/ar?=W/cm? [r= radius]). 
The authors’ power density was 4456 
W/cm? vs the 190979 W/cm? that 
would result if 60 W were used with 
a 0.2-mm spot. The low energy used 
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Recommended Cardon Dioxide Laser Parameters for Incision 


Tissue Type 





Skin 
Subcutaneous tissue 


Muscle/fascia 


could also account for the “objective 
pain” results observed. These results 
are at variance with our study.° We 
observed a 50% reduction in analge- 
sic use in patients operated on with 
laser and failed to demonstrate any 
difference in hemostasis between la- 
ser and cautery. Significant improve- 
ment in hemostasis was ncted dur- 
ing mastectomy.” 

Objective scientific comparison of 
therapy is laudable and we encour- 
age more investigators to pursue 
such studies. Surgeons should be 
mindful of the fact that lasers, cau- 
tery, and scalpels are surgical instru- 
ments that require certain technical 
skills and nuances of application, 
which will affect outcome. Each de- 
vice has inherent limitations and 
none is a surgical panacea. 

Perhaps the most illuminating and 
accurate analysis of the study is the 
discussion by Dr Glover! and the re- 
sponse by Dr Pearlman.! D- Glover 
observes: “The effect is, therefore, 
the result of the surgeon more than 
even the type of wound.” Dr Pearl- 
man responds: “Some surgeons get 
superb results using a scalpel, while 
others have superb results with elec- 
trocautery or, in some cases, a laser. 
Would these individuals dc just as 
well using other techniques? I sus- 
pect the answer is yes.” 

We believe that lasers, when used 
properly and appropriately, are a 
welcome addition to the surgical ar- 
mamentarium of the skilled surgeon. 
However, strict attention to detail 
and technique is required for any 
benefit to be achieved. 

Raymond J. Lanzafame, MD 
Rochester, NY 


Power, W 


Spot 
Size, mm 


0.02 
0.2-0.4 
0.2-0.4 


Mode 


Continuous 





Continuous 
Continuous 
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Ishiyaku EuroAmerica Inc; 1988:294. 

3. Lanzafame RJ, Pennino RP, Herrera HR, 
Hinshaw JR. Breast surgery with the CO, laser. 
In: Joffe SN, ed. Lasers in General Surgery. 
Baltimore, Md: Williams & Wilkins; 1989:25- 
33. 


4. Lanzafame RJ. Cholecystectomy with la- 
sers. Laser Med Surg News Adv. 1988;6:31-36. 

5. Lanzafame RJ, Naim JO, Rogers DW, 
Hinshaw JR. A comparison of continuous 
wave, chop wave, and super pulse laser 
wounds. Lasers Surg Med. 1988;8:119-124. 

6. Lanzafame RJ, Jobes HM, Naim JO. Laser 
use improves cholecystectomy outcome. La- 
sers Surg Med Suppl. 1990;2:21. 

7. Lanzafame RJ, Jobes HM, Rogers DW, 
Naim JO, Hinshaw JR. The impact of the car- 
bon dioxide laser on mastectomy. Lasers Surg 
Med Suppl. 1989;1:15. 


In Reply. — Dr Lanzafame raises ques- 
tions about bias in our study and pu- 
tative flaws in its design. This study 
was undertaken in response to a 
number of reports, many of them by 
Dr Lanzafame, claiming that the car- 
bon dioxide laser was a better instru- 
ment for making incisions than the 
scalpel or electrocautery. We tried to 
address this question objectively by 
randomly allocating patients under- 
going an open cholecystectomy to 
incision of the abdominal wall by ei- 
ther carbon dioxide laser, scalpel, or 
electrosurgery. All patients initially 
received a superficial skin incision 
with the scalpel (for cosmetic rea- 
sons); the remainder of the incision 
was completed with laser, scalpel, or 
electrosurgery. Treatment arms were 
limited to one modality (other than 
for the skin incision), and evaluation 
was limited to the incision itself, to 
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make comparisons as clean as possi- 
ble. 

We found that laser incisions took 
about 3 to 5 minutes longer than 
scalpel or electrosurgical incisions 
and patients lost a mean of 17 mL 
more blood than patients receiving 
electrosurgical incisions. Postopera- 
tive pain was less in patients under- 
going laser incisions, but not to a de- 
gree believed to be clinically sig- 
nificant. Healing was the same for all 
groups, as was postoperative stay 
(mean+SD of 3+1 days; unpub- 
lished data). The outcome was es- 
sentially similar for all treatment 
methods. 

Dr Lanzafame suggests that we bi- 
ased the study by use of a scalpel for 
superficial skin incisicns in all pa- 
tients, causing excess blood loss in 
the laser arm. Blood loss from these 
incisions was negligible, however, 
and did not influence outcome. He 
suggests we also biased the study by 
use of ligatures for hemostatis in the 
scalpel and laser arms, thereby add- 
ing unnecessary incision time. As 
stated in the “Materials and Meth- 
ods” section, we only used ligatures 
in the laser arm when the laser failed 
to provide hemostasis, not as a mat- 
ter of course. Furthermore, use of 
electrocautery in the laser or scalpel 
arms would have made interpreta- 
tion of results more difficult. 

Dr Lanzafame believes a third 
source of bias exists because of low 
power settings (25 to 35 W) used for 
division of muscle and subcutaneous 
tissue with the laser. He asserts that 
higher power settings would have 
reduced incision time and improved 
hemostasis, citing three of his own 
publications (references 2 through 4 
above) for support. The first two of 
these references could not be found 
in our university medical library. The 
third reference recommends 40 to 
80 W of power for dissection of soft 
tissue and 30 to 40 W for dissection 
on clavipectoral fascia, for perfor- 
mance of a laser mastectomy, not 
cholecystectomy. 

Use of electrocautery is also de- 
scribed during this “laser” mastec- 
tomy, however. The relevance of 
such an approach to a study such as 
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ours, wherein the laser and electro- 
cautery are compared, is unclear. 
The power settings we used were 
developed in patients undergoing 
cholecystectomy prior to this study. 
They were a compromise between 
slower operating times using 25 to 
35 W and the greater blood loss we 
had experienced using higher ener- 
gies (the result of increased tissue 
“explosion”). We do not believe that 
they unduly biased the results 
against the laser. 

Dr Lanzafame quotes two more of 
his studies (references 5 and 6 above) 
to show that carbon dioxide lasers 
really do reduce analgesic use after 
cholecystectomy (compared with 
electrocautery) and blood loss curing 
mastectomy (compared with “con- 
ventional” methods). Both studies 
are abstracts and both use historical 
controls of one form or another. 
Given the known deficiences of such 
controls, it is difficult to account for 
the differences observed, ie, use of 
the laser or other factors? 

If Dr Lanzafame believes that “ob- 
jective scientific comparison of ther- 
apy is laudable,” we suggest he carry 
out a prospective randomized study 
of carbon dioxide incisions in pa- 
tients (not animals) as we did. Per- 
haps he will document some benefit 
from use of this modality. We could 
not. In a time of astronomical medi- 
cal costs, uncritical use of expensive 
tools is difficult to justify, particu- 
larly when similar results can be ob- 
tained with older, cheaper tools. 

Nathan W. Pearlman, MD 
Gregory V. Stiegmann, MD 
Denver, Colo 


Bile and the Growth 
of Intestinal Polyps 


To the Editor.—Patients with familial 
adenomatous polyposis (FAP) are at 
high risk for developing duodenal 
polyps. In the discussion of the arti- 
cle by Beckwith et al,’ van Heerden 
was “. . . unaware of any biliary fac- 
tors or any studies. . .” that sought 
to identify a factor that caused these 


polyps to develop. We have con- 


ducted several such studies, and 
have found the following: The distri- 
bution of upper gastrointestinal ade- 
nomas is maximal in areas exposed to 
bile, with marked periampullary 
clustering of tumors. Significantly 
more duodenogastric reflux of bile 
occurs in patients with FAP with ad- 
enomatous polyps in the stomach 
than in those patients without such 
polyps. The profile of bile acids in 
bile is abnormal in patients with 
FAP. The amount of DNA adducts 
(adducts are markers of exposure to 
carcinogens) is significantly greater 
in the duodenum of patients with 
FAP than in the non-FAP duode- 
num. Adduct labeling is greater in 
the duodenum than in the stomach, 
as is the density of adenomas.’ 
Familial adenomatous polyposis 

bile imparts a significantly greater 
adduct load on target mucosa than 
does control bile in a bioassay. These 
studies imply that FAP bile contains 
more carcinogens than does control 
bile. A possible explanation for this is 
that carcinogens undergo abnormal 
metabolism in the liver of patients 
with FAP. Supporting this hypothe- 
sis is our finding that one of the en- 
zyme systems responsible for carcin- 
ogen metabolism (the acetylation 
system) is abnormal in patients with 
FAP. However, the results of muta- 
genicity testing of FAP and control 
bile are negative, perhaps because 
the putative agents are too labile to 
survive the condition of these tests. 
We are continuing to pursue this 
general line of inquiry in patients 
with FAP and in others at risk for in- 
testinal cancer. 

Allan D. Spigelman, MB, 

BS, FRACS 
Stanley Venitt, PhD 
Robin K. S. Phillips, MS, 
FRCS 
London, England 


1. Beckwith PS, van Heerden JA, Dozois RR. 
Prognosis of symptomatic duodenal ade- 
nomas in familial adenomatous polyposis. 
Arch Surg. 1991; 126:825-828. 

2. Spigelman AD, Scates DK, Venitt S, Phil- 
lips RKS. DNA adducts, detected by *P-post 
labelling, in the foregut of patients with 
familial adenomatous polyposis and in unaf- 
fected controls. Carcinogenesis. 1991;12: 
1727-1732. 
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Procedures in Plastic and 
Reconstructive Surgery: 
How They Do It 


Edited by Lars M. Vistnes, 751 pp, with 
illus, $265, Boston, Mass, Little Brown 
& Co Inc, 1991. 


When reviewing a textbook, it is 
useful to read the preface and deter- 
mine the author’s purpose and goals. 
In his preface to Procedures in Plastic 
and Reconstructive Surgery, Dr Vistnes 
expresses his desire to permit the 
reader figurative access to the oper- 
ating rooms of noted plastic surgical 
experts. We are promised the oppor- 
tunity to look over the shoulder of an 
authority while he or she performs a 
particular operation. As a result, we 
will learn at least one successful in- 
dividual approach to a specific prob- 
lem. The book is quite successful in 
achieving its intended goal. 

An examination of the list of au- 
thors discloses several new and 
many familiar names. The newer au- 
thors frequently provide a refreshing 
approach to standard plastic surgical 
problems. An attempt was made to 
assign established authors to topics 
different from their recognized areas 
of expertise. However, these estab- 
lished individuals rarely stray far 
from their areas of particular interest 
and maintain a unique, valuable, and 
authoritative perspective. In several 
areas (eg, primary rhinoplasty, the 
aging face, and augmentation mam- 
maplasty), multiple authors ap- 
proach the same topic from varying 
viewpoints. This often provides the 
reader with a more balanced ap- 
proach to a particularly difficult area. 

The structure and content of each 
chapter is very good. Of particular 
note are John Q. Owsley’s well- 
written and -illustrated chapter 
“Face Lift: SMAS,” Leonard T. Fur- 
low’s “Cleft Palate,” David W. Fur- 


näs” “Microtia,” D. Ralph Millard’s 
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F*“The CleftLip Nose,” and Susan E. 
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». | has eneng consistent readability 
`¿ | and quality if all the remaining chap- 
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ters. The few references given are 
germane. 

As with every textbook, criticisms 
can be raised. The quality of line 
drawings is variable among the chap- 
ters. Unfortunately, requirmg a sin- 
gle artist to draw the necessary illus- 
trations for every chapter would 
increase the production time and 
cost prohibitively. Imposing a single 
organizational format to every chap- 
ter would also aid in corsistency. 
Neither of these criticisms detracts 
significantly from the overell quality 
of this book. 

Dr Vistnes and his authors should 
be proud of their accomplishment. 
This book is presented as a single vol- 
ume, making it easy to carry. Its price 
is within the reach of plastic surgeons 
and residents. I recommenc it highly 
for those individuals and value its ad- 
dition to my library. This book should 
be purchased and read. 

THOMAS R. STEVENSON, MD 
Sacramento, Calif 


Intensive Care Medicine 


2nd ed, edited by James M. Rippe, Rich- 
ard S. Irwin, Joseph S. Alvert, and 
Mitchell P. Fink, 2071 pp, with illus, 
$155, Boston, Mass, Little Brewn & Co 
Inc, 1991. 


The size of this one-volume text 
makes it cumbersome and certainly 
excludes its use as a handy reference 
in a patient care setting. It is best de- 
scribed as a major reference on criti- 
cal care issues. The foreword indi- 
cates that intensive care is 
multidisciplinary, and this text 
should provide a working knowl- 
edge of intensive care for all physi- 
cians who care for critically ill pa- 
tients. It adds that this text should be 
valuable in helping candidates pre- 
pare for certification as specialists in 
critical care. 

This book is certainly comprehen- 
sive, although its breadth compro- 
mises the depth with which each topic 
is covered. Its organization is similar to 
that of many large medical texts and 
deals with specific disease entities. 
Some of the topics deal specifically 





with intensive care issues, while others 
deal with the disease process in general 
terms. A physiologic approach to crit- 
ically ill patients is not evident in most 
of the chapters. This is particularly true 
regarding the concepts of oxygen de- 
livery and consumption, which are 
limited to four pages in this book. Illus- 
trations are not abundant, fairly rudi- 
mentary, and often difficult to inter- 
pret. However, the illustrations that 
accompany thoracostomy tube place- 
ment are nicely done. Color was used 
in one group of endoscopy pictures 
that was then placed in the wrong 
chapter. 

This edition has new sections deal- 
ing with shock, trauma, nutrition, 
transplantation, and surgical problems 
in the intensive care unit. The direct re- 
lationship to intensive care medicine is 
indistinct in a number of these chap- 
ters, including those on pancreatitis 
and arterial diseases of the extremities. 
In contradistinction, the chapters enti- 
tled “Management of the Postopera- 
tive Cardiac Surgical Patient” and 
“Non-cardiac Surgery in the Cardiac 
Patient” are well written and appropri- 
ate to intensive care medicine. The 
“Transplantation” section is nicely 
done, although the “Shock and 
Trauma” section is fairly abbreviated. 
The nutritional section covers parent- 
eral nutrition completely, while enteral 
nutrition is less completely covered. A 
major strength of the text must be con- 
sidered the section on “Moral, Ethical, 
Legal Issues and Public Policy in the In- 
tensive Care Unit.” This includes six 
chapters that any physician who is in- 
terested in the practice of medicine in 
the United States will find interesting. 

While the editors attempt to 
present a multidisciplinary approach 
to critical care, I believe they are 
much more successful in their ap- 
proach to medical problems that may 
or may not occur in the intensive care 
unit. This book would be an excellent 
reference text for a medical resident 
or internist interested in critical care. 
The critical care practitioner may find 
the text too superficial to be helpful. 

JOHN A. WEIGELT, MD 
Dallas, Tex 


Books 


Box 











CLASSIFIED 
INFORMATION 


Regular Classified ` Time 3 times 

or more” 
Cost per word $1.80 $1.65 
Minimum ad: 20 words per issue 


‘in order to earn the three-time rate your ad must be placed 
and prepaid at the same time for tmree or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered one 
word, and figures consisting of a dollar sign and 
five numerals or less are considered one word. 
Cities and states consisting of two words or 
more are counted as one word: i.e., "New York" 
and "Salt Lake City". Zio code is considered 
one word and must appear in all ads. Tele- 
phone number with area code is considered 
one word. When box numbers are used for 





replies, the words "Box c/o AOS" are to be 
counted as three words. 
Classified Display 1 Time 3 times 
or more” 
Full page $1,532 $1,332 
Two-thirds page 1,305 1,135 
One-half page 1,072 932 
One-third page 845 736 
One-sixth page 391 339 
Column inch 115 100 


Minimum display ad: one cclumn inch 
12-time and 24-time rates available on request. 


Display Production Charge: The publication will 
pub-set advertisements upon request. The type- 
setting fee is 10% of the one-time ad cost shown 
above. Special requests will be billed to the 
advertiser and/or agency at the then prevailing 
rates. 


Box Service 


Available for all ads. The cost is $20.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly mailed 
directly to you. 


Closing Date 


The 25th of the second month prior to the issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled after 
the closing date. 


Send all copy, correspondence, production 
materials anc payments to: 


ARCHIVES 


OF 
Surgery 
Classified Department 


P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 
800-237-9851 © 313-443-7666 





All classified advertising orders, corres 


, c/o AOS, P.O. Box 1510, Clearwater, Florida 34 
mail sent in care of Archives of Surgery. 


Professional Opportunities 


VASCULAR SURGEON: BC/BE recently trained 
(university program preferred) for mixed vascular 
and general surgery group practice in San Francis- 
co. Send CV and availability to: A. Aronow. MD, 45 
Castro Street, San Francisco, CA 94114. 


GENERAL SURGERY OPPORTUNITY 


A well established general surgery group practice 
secks a fourth well-trained general surgeen: an 
interest in trauma, or colo-rectal or vascular 
surgery would be desirable. Become an integral 
part of this rapidly expanding practice. Enjoy 
excellent community teaching hospital facilities 
in a scenic coastal New England area easily 
accessible to Boston. Highly competitive com- 
pensation package. 


Fulton, Longshore & Associates, Inc. 


527 Plymouth Road — Suite 410 
Plymouth Meeting, PA 19462 
Phone: (215) 834-6780 
FAX: (215) 834-6785 


a 
ms 


JOIN VERY SUCCESSFUL and respectec surgeon 
in partnership serving three excellent hospitals with- 
in a 15 mile radius in southern Illinois. Practice 
located in a progressive hospital, in a nice commu- 
nity with a strong industrial employment base, only 
fifty minutes from St. Louis. Enjoy a salary of 
$120,000 to $140,000 annually, generous incentive 
bonus, paid office expenses, paid malpractice, life, 
health, and disability insurances, pension, and 
deferred compensation plans. Send CY or call: 
Robert Turnage, Jackson and Coker, Inc., 115 
Perimeter Center Place, Suite 380 20005, Atlanta, 
GA 30346. Telephone: (800) 544-1987. 


GENERAL/VASCULAR surgeon BC/BE to join busy 
two person practice affiliated with a 600-bed fully 
accredited teaching hospital in northwest New Jer- 
sey. Must have one year vascular fellowship. Excel- 
lent professional situation with sound financial 
opportunity in a beautiful suburban area 35 miles 
from New York City. Box #937, c/o AOS. 


NORTHERN VIRGINIA — BC/BE genera! surgeon 
with vascular experience to join two surgeons in 
practice of general, vascular, thoracic surgery in 
northern Virginia suburbs of Washington, DC. Bene- 
fits and salary leading to partnership. Send CV to: 
Surgical Associates of NOVA, 2296 Opitz Boule- 
vard, #260, Woodbridge, VA 22191. 


GENERAL SURGERY: PENNSYLVANIA — Partner- 
ship opportunity. Join well-established osteopathic 
surgeon with excellent referral base of 25 primary 
care physicians. Profitable, well-run, 150-bed osteo- 
pathic hospital has three full-time anesthesiologists, 
four OR's and outpatient surgery center. Erie is 
probably the best kept secret in Pennsylvania! Com- 
munity has nine public beaches, several quality 
yacht clubs, PGA-rated golf courses (Kahkua Coun- 
try Club — annual PGA site), good restaurants, and 
housing that doesn't blush beside Boston, Philadel- 
phia, Cleveland, or Pittsburgh. Less than two hours 
to Cleveland, Pittsburgh and Buffalo. $150,000 
financial package, paid malpractice, vacation/CME, 
and life and health insurances round out this superb 
opportunity. Send CV or call: Tom Bell, Jackson and 
Coker, Inc., 115 Perimeter Center Place, Suite 380 
20157, Atlanta, GA 30346. Telephone: (B00) 544- 
1987. 


PLEASE NOTE — Address replies to box number 
ads as follows: Box number „C/o AOS, 
P.O. Box 1510, Clearwater, FL 34617. 
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Professional Opportunities 


GENERAL SURGEON, board-certified/-admissible, 
to join established solo practice, 40% trauma. Guar- 
anteed minimum income and financial package. 
Office next to 380-bed, full-service suburban hospi- 
tal. Write: John Webb, MD, F.A.C.S, 2750 Hospital 
Drive, North Kansas City, MO 64116. Or call collect: 
(816) 474-6464. 


GENERAL SURGEON - Excellent opportunity for 
BC/BE general surgeon to join five BC surgeons in 
well-established multi-specialty group/staff model 
HMO in five-college area of beautiful western Mas- 
sachusetts. Very busy surgical practice. Experience 
with laparoscopic surgical procedures a plus. Excel- 
lent compensation and fringe benefit package. Send 
CV to: Norman Bein, MD, Chief of Surgery, Medical 
West Community Health Plan, 444 Montgomery 
Street, Chicopee, MA 01020. Or call: Joanne Alder- 
man, Executive Assistant to the Medical Director, at 
(413) 594-3111, Extension 7201. EOE. 


NEED A DOCTOR? For the most comprehensive 
coverage to specific specialties and select sub- 
specialties, put your recruitment ad in an AMA spe- 
Cialty journal. We target your ad to the physician you 
want. To schedule your ad call our "Classified Adver- 
tising" office: National (800) 237-9851; Florida (813) 
443-7666. 


GENERAL SURGEON - Immediate opening for 
BC/BE general surgeon to join solo surgeon in 
coastal northwest Florida community. Guaranteed 
salary first year. Send CV: General Surgeon, P.O. 
Box 12011, Panama City, FL 32401. 


So Many Opportunities. 


Take your pick from a variety of practice 
opportunities across the country. Whether you're 
looking for group, associate, solo or managed 
care practice opportunities, Humana® has much 


to offer. 

Colon/Rectal Surgeon Orthopedic Surgeons 
Alabama i 

Orange Co., CA 


Denver, CO 
General Surgeons Central FL 
South FL 


Phoenix, AZ 

darted Atlanta (area), GA 
Chicago, IL 
Louisville, KY 
Clinch Valley, VA 








Louisville, KY 
Louisiana 

Chattan , IN 
Nenian, TN 
Beaumont, TX 
College Station, TX 
Richlands, VA 


Plastic Surgeons 
Alabama 
Urologists 
Denver, CO 
Orlando, FL 
South Florida 
Augusta, GA 

Lake Charles, LA 
Abilene, TX 
College Station, TX 
Layton, UT 


Neurosurgeons 
Montgomery, AL 
Muscle Shoals, AL 
Louisville, KY 

New Orleans, LA 
Corpus Christi, TX 


Layton, UT 


Otolaryngologists 

Alabama 

Phoenix, AZ 

Denver, CO 

South FL 

Louisa, KY 

Somerset, KY 

Louisiana 

Natchez, MS 

Layton, UT 

Bluefield, WV 

Greenbrier Valley, WV 
For more information on these or 

opportunities with one of the nation 

health care providers, call 1800-626 

111. Or send your CV to Managef, Ẹ 


Relations, Humana Inc., Dept. #§ 
West Main St, Louisville, i 
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ship available. Send CV or call: Neal Steinhoff, Jack- 
son and Coker, Inc., 115 Perimeter Center Place, 
Suite 380 20222, Atlanta, GA 30346. Telephone: 
(800) 554-1987. 


SURGICAL ONCOLOGIST 


Rare opportunity for you to develop a surgical 
oncology program. 


e Modern medical center — 3 y2ars old 
e 700 new cases per year 
e Wide variety of cancer cases 


Kaiser Permanente Medical Center in Riverside 
is located in a culturally and geographically 
diverse area that offers affordable housing, 
excellent schools/universities and a high quality 
of life. Send your CV to: 
Irwin P. Goldstein, MD, SCPMG, 
Department 042, Walnut Center 
Pasadena, CA 91188-8013 





Or call: (800) 541-7946 


GENERAL SURGEON - BC or BE ‘or prestigious, 
70-physician, multi-specialty group practice in upper 
midwest capital city, sportsman's paradise. Clinic 
adjoins 250-bed tertiary center with state-of-the-art 
facilities. Would join and share call with three other 
general surgeons. Reply to: Box #94C, c/o AOS. 


SOUTHWEST MICHIGAN — General surgeon: Busy 
surgical practice seeking a third associate. Medical 
community and hospital totally supportive. Offering 
guaranteed income, extensive benefits, and relocat- 
ing expenses. Family community with stable econo- 
my. Outstanding recreational area botn summer and 
winter. Reply: Box #936, c/o AOS. 


Positions Available 


WELL ESTABLISHED, multi-specialty medical 
group needs board-certified or board-eligible 
internist/orthopedist for Worker's Compensation 
defense evaluations. Experience desirable. Spanish 
speaking a definite plus. Office locations in Los 
Angeles, Mission Hill, and Long Beach. Call Chuck: 
(800) 541-1173. 


Residencies 


THE ANESTHESIOLOGY RESIDENCY at the Uni- 


versity of Wisconsin has an unexpected opening at 
the CA1 level for July, 1992. Interested candidates 
should contact: The Residency Selection Commit- 
tee, Department of Anesthesiology, University of 
Wisconsin Clinical Science Center, 300 Highland 
Avenue, Madison, WI 53792-3272. ECE. 


Directors Wanted 


CHAIRPERSON, Department of Surgery, Meharry 
Medical College. Meharry Medical Ccliege is seek- 
ing a Chairperson for the Department of Surgery. An 
MD degree with board-certificatian in general 
surgery is required. Subspecialty board would be 
preferable, but not required. Must have established 
reputation as a teacher, clinician and investigator. 
Must have wide national reputation within the aca- 
demic surgical field. Responsibilities include but are 
not limited to supervision and provision of surgical 
patient care, participation in teaching medical stu- 
dents and residents and development of an active 
research program. Minimum experience of at least 
three years as associate professor required. Mehar- 
ry Medical College is an equal opportunity/affirma- 
tive action employer. Please direct inquiries or 
submit curriculum vitae to: Harold D. Thompson, 
MD, Chairperson, Search Committee for a Chairper- 
son of the Department of Surgery, Menarry Medical 
College, 1005 D.B.Todd Boulevard, Nashville, TN 
37208. 






FRE 
Physicians Network (not recruiters). Deal: (800) 752- 
1906 with preference, state and licens2 number. 


Fellowships 


SURGICAL ONCOLOGY FELLOWSHIPS at UCLA. 
The Division of Surgical Oncology at the UCLA 
Medical Center is accepting applications for fellow- 
ships in surgical oncology. This Surgical Oncology 
Fellowship is available to physicians wno have com- 
pleted at least two years of surgical training. Senior 
fellowship appointments are also available for indi- 
viduals who have completed their surgical training. 
This two-year fellowship program consists of basic 
and clinical laboratory research and clinical rota- 
tions in surgical oncology, radiation encology and 
medical oncology. The major emphasis of this pro- 
gram is to train fellows in basic and clinical oncology 
research. Active research programs ir the Division 
are focused on the molecular biology of neoplasia, 
transcriptional regulation, gene transfer, immunobi- 
ology of cancer, adoptive immuno herapy and 
investigator initiated and cooperative clinical trials. 
This fellowship is supported by the National Insti- 
tutes of Health and the American Cancer Society. 
For further information, please contact: Frederick R. 
Eilber, MD, Professor and Chief, Division of Surgical 
Oncology, Department of Surgery, UCLA Medical 
Center, Los Angeles, CA 90024. FAX: (310) 825- 
7575. Telephone: (310) 825-7086. UCLA is an affir- 
mative action/equal employment dpportunity 
employer. 


FELLOWSHIP IN 
SURGICAL ONCOLOGY 


The Department of Surgery of the Medical Center 
of Delaware offers a one (1) year research/ clini- 
Cal fellowship in surgical oncology. 


Candidates must have completed five clinical 
years of surgical residency. Curriculum vitae 
accompanied by three (3) letters of reference 
should be sent to: 


Lemuel Herrera, MD 
Chief of Surgical Oncology 
Medical Center of Delaware 


501 West 14th Street, Suite 400 
Wilmington, Delaware 19801 





THE DEPARTMENT OF SURGERY at the Universi- 
ty of California, Davis seeks a full-time academic 
surgical oncologist. The level of appointment will be 
commensurate with qualifications. Applicants must 
be either board-eligible or board-certified in general 
surgery with expertise in teaching, research and 
surgical oncology. A letter outlining research and 
teaching background, a curriculum vitae and bibliog- 
raphy, along with the names of three references 
should be forwarded to: James E. Goodnight, Jr., 
MD, PhD, Department of Surgery, University of Cali- 
fornia, Davis, 4301 X Street, Sacramento, CA 
95817. This position will remain open until filled. 
However, applications will not be accepted after 
June 15, 1992. The University of California is an 
affirmative action/equal opportunity employer. 


We Target 
The Physician You Want! 


The Archives of Surgery's classified recruitment advertising section is seen by pre- 
cisely the physician you need — general surgeons, plastic surgeons — plus other surgi- 
cal subspecialties. A total targeted physician audience of over 32,000. 


Send your order today. Just complete the coupon below and attach your typewritten 
copy. The next available issue ‘s May which closes Wednesday, March 25th. 


The classified rate is $1.80 per word for one issue. For three issues or more, the rate 
is $1.65 per word per issue. Minimum classified ad is 20 words. 


ORDER FORM 


Please insert my ad 
Place my ad under the heading 


Enclosed is my check for $ 
payment of my advertising schedule. 


Institution 
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Address 
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Area Code & Telephone Number 


Authorized Signature 
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to cover full 


Send all copy and payments to: 
ARCHIVES 
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Classified Departmen:, P.O. Box 1510, Clearwater, Florida 34617 
National (800 237-9851 Local (813) 443-7666 








For Intravenous or Intramuscular Use 
PLEASE SEE FULL PRESCRIBING INFORMATION FOR A COMPLETE DESCRIPTION. 
A BRIEF SUMMARY FOLLOWS. 


INDICATIONS AND USAGE 
TREATMENT 

CEFOTAN is indicated for the therapeutic treatment of the following infections when caused by 
susceptible strains of the designated oagenisms: 

Urinary Tract Infections caused by E coli, Klebsiella species sede K. pneumoniae), Proteus 
mirabilis, and Proteus sp (which may imciwde the organisms now Called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 

Lower Respiratory Tract Infections caused by Streptococcus pneumoniae (formerly D. pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
(including ampicillin-resistant strains), K/@bsiella species (including K. pneumoniae), E. coli, Proteus 
mirabilis, and Serratia marcescens”. 

Skin and Skin Structure Infections cue to Staphylococcus aureus (penicillinase- and nonpenicillinase- 
producing strains), Staphylococcus epidermidis, Streptococcus pyogenes, Streptococcus species (excluding 
enterococci), Escherichia coli, Klebsielia pneumoniae, Peptococcus niger’, Peptostreptococcus species. 

Gynecologic Infections caused by Staphylococcus aureus (including penicillinase- and nonpenicil- 
linase-producing strains), Staphwococcus evidermidis, Streptococcus species (excluding enterococci), 
Streptococcus agalactiae, E. coli, Proteus mrabilis, Neisseria gonorrhoeae, Bacteroides species 
(excluding B. distasonis, B. ovatus, B. Metaietaomicron), Fusobacterium species”, and gram-positive 
anaerobic cocci (including Peptococcus miger and Peptostreptococcus species). 

Cefotetan, like other cephalosporins. has no activity against Chlamydia trachomatis. Therefore. when 
cephalosporins are used in the treatment of pelvic inflammatory disease, and C. trachomatis is one of the 
suspected pathogens, appropriate anticmliamydial coverage should be added. 

intra-abdominal infections caused by E cali, Klebsiella species (including K. pneumoniae), Streptococcus 
species (excluding enterococci), Bacteroides species (excluding B. distasonis, B. ovatus, 8. thetaiotaomicron) 
and Clostridium species”. 

Bone and Joint Infections caused by Staphylococcus aureus* 

"Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify causative 
organisms and to determine their suseeptibilities to cefotetan. Therapy may be instituted before results 
of susceptibility studies are known; haweve”, once these results become available, the antibiotic treat- 
ment should be adjusted accordingly. 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causatwe organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Gefotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro against many Ertesobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeng of both antibiotics may be given and depends on the severity of 
the infection and the patient's condition 

NOTE: If CEFOTAN and an aminoglycosid2 are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages 3f the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrocoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity has no: been noted when CEFOTAN was given alone, it is possible that 
Leap may be potentiated if CE-OTAN is used concomitantly with an aminoglycoside. 
PROPHYLAXIS 

The preoperative administration of CE-O AN may reduce the incidence of certain postoperative 
infections in patients undergoing surgeca! procedures that are classified as clean contaminated or 
potentially contaminated (e.g., cesareavsection, abdominal or vaginal hysterectomy, transurethral 
a biliary tract surgery, and _ripracla le surgery). 

The prophylactic dose of CEFOTAN sheuld be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section CEFITAN should be administered intravenously after the clamping 
of the umbilical cord. 

If there are signs and symptoms of fect on, specimens for culture should be obtained for identification 
of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
Meslay is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 

BEFORE THERAPY WITH CEFOTANIS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO 
DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO 
CEFOTETAN DISODIUM, CEPHALOSPOFINS, PENICILLINS, OR OTHER DRUGS. IF THiS PRODUCT IS TO 
BE GIVEN TO PENIC/LLIN-SENSITIVE PATIENTS, CAUTION SHOULD BE EXERCISED BECAUSE CROSS- 
HYPERSENSITIVITY AMONG BETA-LACTAM ANTIBIOTICS HAS BEEN CLEARLY DOCUMENTED AND MAY 
OCCUR iN UP TO 10% OF PATIENTS WITH 4 HISTORY OF PENICILLIN ALLERGY. IF AN ALLERGIC 
REACTION TO CEFOTAN OCCURS, DISCONTINUE THE DRUG. SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE TREATMENT WITH EPINEPHRINE AND OTHER EMERGENCY MEASURES, 
INCLUDING OXYGEN, INTRAVENOUS FUWIDS, INTRAVENOUS ANTIHISTAMINES, CORTICOSTEROIDS, 
PRESSOR AMINES AND AIRWAY MABASEMENT, AS CLINICALLY INDICATED. 

Pseudomembranous colitis has beer reported with nearly all antibacterial agents, including 
cefotetan, and may range from mild © ife-threatening. Onset of pseudomembranous colitis symptoms 
may occur during or after antibiotic treatment or surgical prophylaxis. Therefore, it is important to 
consider this diagnosis in patients who present with diarrhea subsequent to the administration of 
antibacterial agents. 

Treatment with antibacterial agents-alzers the normal flora of the colon and may permit overgrowth of 
clostridia. Studies indicate that a toxin produced by Clostridium difficile is a primary cause of “antibiotic- 
associated colitis.” 

After the diagnosis of pseudomembranous colitis has been established, therapeutic measures should 
be initiated. Mild cases of pseudomembranous colitis usually respond to discontinuation of the drug 
alone. In moderate to severe cases, co7SiGeration should be given to management with fluids and elec- 
trolytes, protein supplementation, and reetment with an oral antibacterial drug effective against 
Clostridium difficile. 

In common with many other broad spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity and, possibly, swbsecuent bleeding. Those at increased risk include patients with 
renal or hepatobiliary impairment or poor autritional state, the elderly, and patients with cancer. Pro- 
thrombin time shoulc be monitored anc exogenous vitamin K administered as indicated 
PRECAUTIONS 

General: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should De taken. 

CEFOTAN should be used with caution ir individuals with a history of gastrointestinal disease, 
particularly colitis. 

Information for Patients: As with some other cephalosporins, a disulfiram-like reaction characterized 
by flushing, sweating, headache, anc tachycardia may occur when alcohol (beer, wine, etc.) is ingested 
within 72 hours after CEFOTAN adminis-ration. Patients should be cautioned about the ingestion of 
alcoholic beverages following the adminis*ration of CEFOTAN. 

Drug Interactions: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
alone, it is possible that nephrotoxicity nay be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 

Drug/Laboratory Test Interactions: 77e administration of CEFOTAN may result in a false-positive 
reaction for glucose in the urine using Glimitest®t, Benedict's solution, or Fehling’s solution. It is 
recommended that glucose tests basec om enzymatic glucose oxidase be used. 

As with other cephalosporins. high concentrations of cefotetan may interfere with measurement of serum 
and urine creatinine levels by Jaffe reaction and produce false increases in the levels of creatinine reported. 


CEFOTAN... 


icefotetan disodium | 


Available in 1-gram and 2-gram vials 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Although long-term studies in animals have not 
been performed to evalmate carcinogenic potential, no mutagenic potential of cefotetan was found in 
standard laboratory tes s. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approx mately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
developmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular 
weight and seminiferovs tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes: Setoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 12 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have teen observed in experiments of comparable design with other methylthiotetrazole- 
containing antibiotics end impaired fertility has been reported, particularly at hign dose levels. No 
testicular effects were »bserved in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant dogs (3 weekssoid) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is wnknown. 

Pregnancy: Teratoganic Effects. Pregnancy Category B: Reproduction studies have been performed in 
rats and monkeys at dGes up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the wtus due to cefotetan. There are, however, no adequate and well-controlled studies 
in pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used during pregnancy only if clearly needed 

Nursing Mothers: Cefotetan is excreted in human milk in very low concentrations. Caution should be 
exercised when cefotean is administered to a nursing woman. 

Pediatric Use: Safetw and effectiveness in children have not been established 
ADVERSE REACTIONS 

In clinical studies, the following adverse effects were considered related to CE=OTAN therapy. Those 
appear ny in italics have been reported during postmarketing experience. 

Gastrointestinal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700); psewdomembranous colitis. Onset of pseudomembranous Col tis symptoms may occur 
during or after antibiotec treatment or surgical prophylaxis. (See WARNINGS. ) 

Hematologic !aborasory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 
200), positive direct Coombs test (1 in 250), and thrombocytosis (1 in 300); agranulocytosis, hemolytic 
anemia, leukopenia, thrombocytopenia, and prolonged prothrombin time. 

Hepatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phesphatase (1 in 700), and LDH (1 in 700). 

Hypersensitivity reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 
(1 in 700); anaphylactic reactions. 

Local effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and disconfort (1 in 500). 

Miscellaneous: Fever 

In addition to the adverse reactions listed above which have been observed in patients treated with 
cefotetan, the following adverse reactions and altered laboratory tests have been reported for cephalo- 
Sporin-class antibiotics urticaria, pruritis, Stevens-Johnson syndrome, erythema multiforme, toxic epidermal 
necrolysis, vomiting, abdominal pain, colitis, superinfection, vaginitis including vaginal candidiasis, renal 
dysfunction, toxic nefmropathy, hepatic dysfunction including cholestasis, aplastic anemia, hemorrhage, 
increased BUN, increased creatinine, elevated bilirubin, pancytopenia, and neutropenia. 

Several cephalosposns have been implicated in obey seizures, particularly in patients with renal 
impairment when the dosage was not reduced (see DOSAGE AND ADMINISTRA ION and OVERDOSAGE) 
If seizures associated with drug therapy occur, the drug should be discontinued. Anticonvulsant therapy 
can be given if clinica!’y indicated. 

DOSAGE AND ADMIN‘STRATION 
TREATMENT 

The usual adult dosace is 1 or 2 grams of CEFOTAN administered intravenously or intramuscularly 
every 12 hours for 5 te 10 days. Proper dosage and route of administration should be determined by the 
condition of the patent, severity of the infection, and susceptibility of the causative organism 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 
1 or 2 g every 24 hours IV or IM 
1 or 2 g every 12 hours IV or IM 
Skin & Skin Structure 
Mild-Moderate@ 2 grams 2 g every 24 hours IV 
1 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6 grams? 3 g every 12 hours IV 


a if oe skin and skin structure infections should be treated with 1 or 2 grams every 12 hours 

V or IM. 
b Maximum daily dosage should not exceed 6 grams. 

If C. trachomatis is a suspected pathogen in gynecologic infections, appropriate antichiamydia! 
coverage should be added, since cefotetan has no activity against this organism 
PROPHYLAXIS 

To prevent postope ative infection in clean contaminated or potentially contaminated surgery in adults. 
the recommended dcage is 1 or 2 g of CEFOTAN administered once, intravenously, 30 to 60 minutes 
prior to surgery. In patients undergoing cesarean section, the dose should be administered as soon as 
the umbilical cord is « lamped. 
IMPAIRED RENAL FUNCTION 

When renal functiom is impaired, a reduced dosage schedule must be employed. See FULL PRESCRIBING 
INFORMATION for a Complete description. 
NOTE: Parenteral drug products should be inspected visually for particulate metter and discoloration 
prior to administration whenever solution and container permit. 
Clinitest*' is a registered trademark of Ames Division, Miles Laboratories. Inc 


References: 1. ForaniRM, Brett JL, Wulf P Evaluating the cost impact of intravenous antibiotic dosing frequencies. DICP 
Ann Pharmacother 1991.25:546-552. 2. Carver P, Quintiliani R, Nightingale CH. Comparative pharmacokinetic study of 
cefotetan and cefoxitin inthealthy volunteers. /nfect Surg. April 1986(suppl):1114. 3. Fujimotc M, Ueda T, Sakai K. A clinical 
trial on cefotetan (YM09230) in the field of surgery. Chemotherapy. 1982;30:817:827. 4. Owen AWMC, Rickards D, Yates RA, 
et al. The pharmacokinedcs of the excretion of cefotetan into the ope} tree. Vienna: 13th International Congress of 
Chemotherapy; 1983:343-349. 5. Cristiano P. Lobello R, lovene MR, et al. Clinical and pharmacokinetic study of 
Cefotetan in biliary tract imfections: preliminary report. Chemioterapia. 1988;7:233-236. 6. Wison SE, Boswick JA Jr, 

Duma RJ, et al. Cephalogporin therapy in intraabdominal infections: a multicenter randomized, comparative study of 
cefotetan, moxalactam, and cefoxitin. Am J Surg. 1988;155(5A):61-66. 7. Souza Dias MB, Jacobus NV. Tally FP Gorbach SL 
Activity of cefotetan agaist anaerobic bacteria. Diagn Microbiol Infect Dis. 1986;4:359-363. 8. Hennessey TD. Cefotetan: a 
compilation of susceptibaity data of clinical isolates. In: Lode H, Periti P Strachan CJL, eds. Cefotetan: A Long-Acting Anti- 
biotic for Polymicrobial Infections. New York, NY: Churchill Livingstone. 1985:14-22. 9. Data on file, Stuart Pharmaceuticals, 
Wilmington, Delaware. 
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IS 
Petter 


è Simple dosing (intra-abdominal infection*: 
1-2 g q12h; skin/soft tissue infection: 2 g q24h IV"; 
prophylaxis: 1-2 g as a single dose) is better at saving 
you time and effort! 


® A longer half-life means CEFOTAN can be dosed 
less frequently—better savings of administration 
time and materials’ 


e Sustained therapeutic levels? (including high biliary 
concentrations*°) simply assure coverage despite OR 
delays and prolonged procedures 


e Plus the assurance of clinically proven efficacy® and 
simply outstanding polymicrobial coverage*”? 


Simply an outstandirg choice 
© 


E-S CEFOTAN wy 
LES (cefotetan disodium) 


* Please refer to product labeling for indicated orgamisms. 
Klebsiella pneumoniae 1-2 g q12h IM/IV. l 
tin vitro activity does not necessarily correlate with in vivo effectiveness. 





Please see adjacent page for brief summary of prescribing nformation. 
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Once for prophylaxis. 
Once daily for cure. 


The prophylactic dose of ROCEPHIN is also the daily therapeutic dose. 
ROCEPHIN, 1 gm given once prior to surgery” in adults, provides 
effective prophylaxis against infection and is on board throughout the 
perioperative period—even if surgery is delayed or prolonged. 


And ROCEPHIN, 1 to 2 gm given once a day in adults, is the usual 
therapeutic dosage for the following common postsurgical infections: 
lower respiratory tract or skin/skin structure infections due to Staphy/o- 
coccus aureus, Klebsiella pneumoniae and Proteus mirabilis; urinary 
tract infections due to Escherichia coli, K. pneumoniae and P mirabilis. 


Efficacy, economy, ease and generally well tolerated. ROCEPHIN: 1 gm 
once for prophylaxis, once daily for cure. 


Once-a-day 


Rocephin.... 


ceftriaxone sodium/Roche 





Usual adult daily dosage: 1 to 2 gm once a day 


As with any cephalosporin, there exists the possibility of hypersensitivity reactions, 
especially in individuals with a history of sensitivity. 


© 1991 by Hoffmann-La Roche Inc. * In contaminated or potentially contaminated Please see adjacent page for summary of product 
All rights reserved. procedures (e.g., vaginal or abdominal information, which includes a list of adverse reactions. 
hysterectomy), and for patients in whom 
infection at the operative site would present 
serious risk (e.g., coronary artery bypass 
graft [CABG] surgery). 


ROCEPHIN® (ceftriaxone sodium/Roche) 
Before prescribing, please consult complete product information, a summary of which follows: 


INDICATIONS AND USAGE: Rocephin is indicated for the treatment of the following infections when 
caused by susceptible organisms: 


LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Streptococcus spe- 
cies (excluding enterococci), Staph. aureus, H. influenzae, H. parainfluenzae, Klebsiella species 
(including K. pneumoniae), E. coli, E. aerogenes, Proteus mirabilis and Serratia marcescens. 


SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph. epidermidis, Strep- 
tococcus species(excluding enterococci), E. cloacae, Klebsiella species (including K. pneumo- 
niae), Proteus mirabilis and Pseudomonas aeruginosa. 


URINARY TRACT INFECTIONS (complicated and uncomplicated) caused by E. coli, Proteus mir- 
abilis, Proteus vulgaris, M. morganii and Klebsiella species (including K. pneumoniae). 


UNCOMPLICATED GONORRHEA (cervical/urethral and rectal) caused by Neisseria gonor- 
rhoeae, including both penicillinase and nonpeniciliinase producing strains, and pharyngeal gon- 
orrhea caused by nonpenicillinase producing strains of Neisseria gonorrhoeae. 


PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 


BACTERIAL SEPTICEMIA caused by Staph. aureus. Strep. pneumoniae, E. coli, H. influenzae and 
K. pneumoniae. 


BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Streptococcus 
species (excluding enterococci), E. soli, P. mirabilis, K. pneumoniae and Enterobacter species. 


INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 


MENINGITIS caused by H. influenzae, N. meningitidis and Strep. pneumoniae. Ceftriaxone has 
also been used successfully in a limited number of cases of meningitis and shunt infections 
caused by Staph. epidermidis and E. coli. 


SURGICAL PROPHYLAXIS: Preoperative administration of a single 1 gm dose may reduce inci- 
dence of postoperative infections in patients undergoing surgical procedures classified as con- 
taminated or potentially contaminated (e.g., vaginal or abdominal hysterectomy) and in those for 
whom infection at the operative site presents serious risk (e.g., 
during coronary artery bypass surgery). 


Although ceftriaxone has been shown to have been as effective 
as cefazolin in the prevention of infection following coronary artery 
bypass surgery, no placebo-controlled trials have been conduct- 
ed to evaluate any cephalosporin amtibiotic in the prevention of 
infection following coronary arterybypass surgery. When admin- 
istered before indicated surgical procedures, a single 1 gm dose 
provides protection from most infections due to susceptible orga- 
nisms for duration of procedure. 


SUSCEPTIBILITY TESTING: Before instituting treatment with 
Rocephin, appropriate specimens should be obtained for isola- 
tion of the causative organism and for determination of its suscep- 
tibility to the drug. Therapy may be nstituted prior to obtaining 
results of susceptibility testing. 


CONTRAINDICATIONS: Rocephin is cortraindicated in patients with 
known allergy to the cephalosporin class of antibiotics. 


WARNINGS: BEFORE THERAPY WITH'ROCEPHIN IS INSTITUTED, 
CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE WHETH- 
ER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY RE- 
ACTIONS TO CEPHALOSPORINS, PENICILLINS OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME FORM OF 4LLERGY, PARTICULARLY 
TO DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS 
MAY REQUIRE THE USE OF SUBCJTANEOUS EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 


Pseudomembraneus colitis, reported with nearly all antibacterial agents, including ceftriaxone, may 
range in severity fram mild to life-threatening. Therefors, consider this diagnosis in patients who present 
with diarrhea subsequent to administra*ion of antibacterial agents. 


Treatment with antibacterial agents alters normal fiora of the colon and may permit overgrowth 
of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
“antibiotic-associated colitis.” 


After establishing diagnosis of pseudomembranous colitis, initiate therapeutic measures. Mild 
cases of pseudomembranous colitis usually respond to drug discontinuation alone. In moderate 
to severe cases, consider management with fluids and electrolytes, protein supplementation and 
treatment with an oral antibacterial drug effective against C. difficile. 


PRECAUTIONS: GENERAL: Although transient elevations of BUN and serum creatinine have been 
observed, at the recommended dosages, the nephrotoxic potential of Rocephin is similar to that 
of other cephalosporins. 


Ceftriaxone is excreted via both biliary and renal excretion (see Clinical Pharmacology). There- 
fore, patients with renal failure normally require no adjustment in dosage when usual doses of 
Rocephin are administered, but concentrations of drug in the serum should be monitored period- 
ically. If evidence of accumulation exists, dosage should be decreased accordingly. 


Dosage adjustments should not be necessary in patients with hepatic dysfunction; however, in 
patients with both hepatic dysfunction and significant renal disease, Rocephin dosage should not 
exceed 2 gm daily without close moritoring of serum concentrations. 


Alterations in prothrombin times have occurred rarely in patients treated with Rocephin. Patients 
with impaired vitamin K synthesis or iow vitamin K stores (e.g., chronic hepatic disease and mal- 
nutrition) may require monitoring of prothrombin time during Rocephin treatment. Vitamin K ad- 
ministration (10. mg werd) may benecessary if the prothrombin time is prolonged before or 
during therapy. 


Prolonged use of Rocephin may result in overgrowth of nonsusceptible organisms. Careful obser- 
vation of the patient is essential. If superinfection occurs during therapy, appropriate measures 
should be taken. 


Rocephin should be prescribed with caution in individuals with a history of gastrointestinal dis- 
ease, especially colitis. 


Rare cases reported of sonographic apnormalities seen in the gallbladder; patients may also have 
symptoms of gallbladder disease. These abnormalities, variously described as sludge, pre- 
cipitations, echoes with shadows, may be misinterpreted as concretions. Chemical nature of son- 
ographically-detected material notdetermined. Condition appears to be transient and reversible 
upon discontinuation of Rocephin and conservetive management. Therefore, discontinue 
Rocephin if signs and symptoms suggestive of gallbladder disease and/or the sonographic find- 
ings described above develop. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis: Considering 
the maximum duration of treatment amd the class of the compound, carcinogenicity studies with 
ceftriaxone in animals have not been performed. The maximum duration of animal toxicity studies 
was six months. 


Mutagenesis: Genetic toxicology tests included the Ames test, a micronucleus test and a test for 
chromosomal aberrations in human lymphocytes cultured in vitro with ceftriaxone. Ceftriaxone 
showed no potential for mutagenic activity in these studies. 


Impairment of Fertility: Ceftriaxone produced no impairment of fertility when given intravenously to 
rats at daily doses up to 586 mg/kg/day, approximately 20 times the recommended clinical dose 
of 2 gm/day. 


PREGNANCY: Teratogenic Effects: Pregnancy Category B. Reproductive studies have been per- 
formed in mice and rats at doses up to 20 times the usual human dose and have no evidence of 
embryotoxicity, fetotoxicity or teratogenicity. In primates, no embryotoxicity or teratogenicity was 
demonstrated at dose approximatety three times the human dose. 

There are, however, no adequate and well-controlled studies in pregnant women. Because animal 
reproductive studies are not always predictive of human response, this drug should be used dur- 
ing pregnancy only if clearly needed. 


ceftriaxone s 


Once-a-day 





ROCEPHIN® (ceftriacone sodium/Roche) 


Nonteratogenic Effects: In rats, in the Segment | (fertility and general reproduction) and Segment II! 
(perinatal and postratal) studies with intravenously administered ceftriaxone, no adverse effects were 
noted on various reproductive parameters during gestation and lactation, including postnatal 
growth, functional t=havior and reproductive ability of the offspring, at doses of 586 mg/kg/day or less. 


NURSING MOTHERS: Low concentrations of ceftriaxone are excretec in human milk. Caution 
should be exercised when Rocephin is administered to a nursing woman. 
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The Utility of Diagnostic Laparoscopy for 379 





Abdominal Disorders: Audit of 120 Patients 
David W. Easter, MD; Alfred Cuschieri, MD, FRACS; 
Leslie K. Nathanson, MD, FRACS; Michael Lavelle-Jones, MD, FRACS 


@ Laparoscopy is a safe, useful diagnostic tool for the diagnosis, staging, 
or exclusion of cancer 



















































Mesenteric Lymphadenectomy Prevents Postburn 384 
Systemic Spread of Translocated Bacteria 
Rifat Tokyay, MD; Stephen T. Zeigler, MD; Heinz M. Loick, MD; 
John P. Heggers, PhD; Paul De la Garza; 
Daniel L. Traber, PhD; David N. Herndon, MD 
è Bacterial translocation occurs mainly via mesenteric lymphatics to mesenteric 

lymph nodes and thence into other systemic tissue. 

Invited commentary: Edwin A. Deitch, MD 
Do Cancers Invade Veins? 389 
Edward Scanlon, MD; Satya Murthy, PhD; Dennis Groothuis, MD 
è The evidence suggests strongly that brain tumors can grow in distant sites; 

the absence of lymphatics seems to be crucial. 

invited commentary: Robert J. McKenna, Sr, MD 
Technical Details of Intraoperative Lymphatic Mapping 392 
for Early Stage Melanoma 
Donald L. Morton, MD; Duan-Ren Wen, MD; Jan H. Wong, MD; 
James S. Economou, MD, PhD; Leslie A. Cagle, MD; 
F. Kristian Storm, MD; Leland J. Foshag, MD; Alistair J. Cochran, MD 
@ This technique identifies patients with early stage melanoma who have nodal 

metastases and are likely to benefit from radical lymphadenectomy. 
Twelve Hundred Open Cholecystectomies Before the 400 
Laparoscopic Era: A Standard for Comparison 
Leon Morgenstern, MD; Linda Wong, MD; George Berci, MD 
è Recent observations on the morbidity and mortality with open operation should 

provide a useful standard of comparison with ongoing similar studies 

for laparoscopic cholecystectomy. 

invited commentary: David L. Nahrwold, MD 
Decreased Wound Contraction With 404 
Fibrin Glue—Treated Skin Grafts 
David M. Brown, MD; Bruce R. Barton, MD; 
V. Leroy Young, MD; Basil A. Pruitt, MD 
è As an adjunct in skin grafting, fibrin glue may offer certain advantages 

not achieved with sutures alone. 

Continued on page 369. 
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Anatomic Considerations in Penetrating Gluteal Wounds 
David W. Mercer, MD; Robert F. Buckman Jr, MD; 
Rajiv Sood, MD; Thomas M. Kerr, MD; Jack Gelman, MD 


è Site of entry plays a critical role in determining serious injury; wounds above 
the greater trochanters demand thorough evaluation. 


Breast Cancer: Importance of Adequate Surgical Excision 
Prior to Radiotherapy in the Lecal Control of Breast Cancer 
in Patients Treated Conservatirely 

Nametallah A. Ghossein, MD; Seymour Alpert, MD; Jose Barba, MD; 
Peter Pressman, MD; Patricia Stacey, RT; Eileen Lorenz; 

Mirela Shulman, MS; Gurmukh J. Sadarangani, MD 


è Extent of excision before radiotherapy ‘s an important risk factor for recurrence; failure 


was inversely proportional to the amount of breast tissue resected. 


Mesh Tube—Constricted Varicose Veins Used as 


Bypass Grafts for Infrainguinal Arterial Reconstruction 
Anton Moritz, MD; Florian Grabenw6ger, MD; Franz Raderer, MD; 
Hermann Ptakovsky, MD; Michael Staudacher, MD; 

Heinz Magometschnigg, MD; Robert Ullrich, MD; Ernst Wolner, MD 


è Size reduction by external wrapping of varicose veins is possible without 
adverse side effects. 


Multifocality in the Earliest Detectable Breast Carcinomas 
Maj David R. Arbutina, MC, USAF; 3radley K. Cruz, MD; 
Maj Clarke T. Harding, MC, USAF; Maj Margie W. Cornwell, MC, USAF 


è Even the earliest detectable breast cancers may have extensive involvement 
of the surrounding breast tissue. 


A Prolongation of Hepatic Vascular Exclusion by 

In Situ Hypothermic Perfusior in Dogs 

Toshihiko Takeuchi, MD; Hiroto Egawa, MD; Yoshio Yamaoka, MD; 
Yoshiro Taki, MD; Junichi Ueda, MD; Yasuhiko Konishi, MD; 
Naritaka Yamamoto, MD; Ryuzaburo Kagawa, MD; 

Masanobu Washida, MD; Ryoji Okamoto, MD; 

Kaoru Kumada, MD; Kazue Ozawa, MD 


è The regimen of HHP with UW solution is able to maintain the energy 
metabolism of the liver under HVE for prolonged periods. 


Image-Guided Aspiration of Solitary Occult Breast “Cysts” 
Jack E. Meyer, MD; Roger L. Christan, MD; Thomas H. Frenna, MD; 
Marian R. Sonnenfeld, MD; Ellen C. Waitzkin, MD; Kitt Shaffer, MD 


è This simple, safe procedure confirms the innocuous nature of an occult solitary 
breast cyst and obviates the need for surgical biopsy. 


Angiotensin and Adrenoceptors in the Hemodynamic Response 
to Aortic Cross-clamping 
Sun-Ae Hahm Hong, MD; Simon Celman, MD, PhD; Todd Henderson 


è The renin-angiotensin and sympathetic nervous systems play an important role in 
hemodynamic response to cross-clamping of the thoracic aorta. 


Surgical Approach to Insulinamas: 


Assessing the Need for Preoperative Localization 
Janice L. Pasieka, MD; Michael K. McLeod, MD; 
Norman W. Thompson, MD; Richard E. Burney, MD 


è Preoperative localization plays a critical role in the surgical management of patients 


with organic hyperinsulinemia and eliminates the need for blind pancreatic resection. 


Intraoperative Cholangiograp ty Revisited 

Benjamin W. Pace, MD; John Cosgrove, MD; 

Brenda Breuer, PhD; Irving B. Margolis, MD 

è Cholangiography had a very low yield in patients undergoing open 
cholecystectomy without clinical evidence of common duct stones. 
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for Advanced Appendicitis in Children: 

A Prospective, Controlled Study 

Tat M. Tsang, MBBS, FRCSE; Paul K. 4. Tam, MBBS, ChM, FRCSE; 
Htut Saing, MBBS, FRCSE 


è Delayed primary wound closure did not offer additional advantage over immediate 
wound closure in the treatment of advamced appendicitis in children. 
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Nutritional Support 
Surgical Oncology 
Transplantation 

Infection and Sepsis 

Pre- and Post-op. Care 


General Surgery 
Alimentary Tract 

Liver and Gallbladder 
Abdomen and Hernia 
Pancreas and Spleen 
Retroperitoneum 
Breast and Skin Tumors 
Endocrine Surgery 
Head and Neck Surgery 
Trauma and Burns 
Surgical Critical Care 


Special Surgery 
Thoracic Surgery 
Cardiac Surgery 
Vascular Surgery 
Orthopedic Surgery 
Pediatric Surgery 
Urologic Surgery 
Gynecologic Surgery 
Neurosurgery 
Ophthalmology 
Plastic Surgery 


Limited Enrollment; SURGERY BOARDS REVIEW REGISTRATION 


For: [ Part I Course: 
C] Part II Course: 


date 


city 


C] Check is enclosed for $ 
Ea Please send FREE SAMPLE 


"remarkably complete and pleasant...."* 


COURSES: The Part I course (consisting of 
lectures and evening mock oral exams) is given 
a month before and the week before written 
and recertification exams. The Part II course 
(mock oral exams) is given for three days 
before and in the same city as each oral exam. 
Each participant is guaranteed a one-on-one 
public mock oral and can purchase additional 
public or private exams. Past participants rec- 
ommend repeating our courses, for half price, 
immediately before your exam. 


"Accommodations were comfortable....""* 


LOCATION: The Indianapolis course will 
be held at the Airport Hilton Hotel. Our group 
rates are $92 single, $117 double. 


" „and those little extras....""* 


DISCOUNT AIR FARES: Please call toll- 
free (800) 627-8468 for group discount rates. 


"the most education for the money."* 


FEES AND CATEGORY 1 HOURS: 
Surgeon or Resident: Surg. Res. Hrs. 
© Part I course (7 days): $810 $540 65 
repeating within 2 years: $405 $405 65 
® Part II course (3 days): $600 $400 28 
repeating within 2 years: $300 $300 28 
è Extra mock oralexam: $80 $80 122 
® Private mock oralexam: $110 $110 1/2 


® Add 10% within 10 days of the course. 

® Attendees not in course hotel add $25/day. 

® Deposit of $100 will reserve your position. 

® Subject to a $100 fee, refunds will be made 
until the seminar begins. 


"home study material was extremely helpfil."* 


ACCREDITATION: Jointly sponsored by 
Penn State’s College of Medicine at The Milton S. 
Hershey Medical Center. Penn State is accredited 
by the Accreditation Council for Continuing Med- 
ical Education (ACCME) to sponsor continuing 
medical education for physicians. 

CREDIT: Penn State designates this continuing 
medical education activity for up to 65 credit 
hours in Category 1 of the Physician’s Recogni- 
tion Award of the American Medical Association. 


"I feel [the course] helped me pass..."* 


INFORMATION: 
1094 East Dawn Drive, Terre Haute, IN 47802 


(800) 356-7537 or (812) 299-5658 
*Comments by Osler participants 


o Studies Establish 
Bacterial Killing. 


The most potent fluoroquinolone. 


vitro activity does not necessarily imply a correlation with in vivo results. 





For more information 
about Cipro” I.V., 





In Vitro Studies Establish 
A Breakthrough In 
Faster Bacterial Killing. 


Ciprofloxacin kills Pseudomonas aeruginosa faster 
than other antimicrobials in vitro 
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Cipro® I.V. 
(ciprofloxacin) 
For Intravenous Infusion 


BRIEF SUMMARY 
CONSULT PACKAGE INSERT FOR FULL 
PRESCRIBING INFORMATION 


INDICATIONS AND USAGE 

Cipro? |.V. is indicated for the treatment of infections caused by susceptible strains 
of the designated microorganisms in the conditions listed below when the intra- 
venous administration offers a route of administration advantageous to the patient: 
Urinary Tract Infections—mild, moderate, severe and complicated 
infections caused by Escherichia coli (including cases with secondary bacteremia), 
Klebsiella pneumoniae subspecies pneumoniae, Enterobacter cloacae, Serratia 
marcescens, Proteus mirabilis, Providencia rettgeri, Morganella morganii, 
Citrobacter diversus, Citrobacter freundii, Pseudomonas aeruginosa, 
ee epidermidis, and Enterococcus faecalis. 

ipro® I.V. is also indicated for the treatment of mild to moderate lower 
respiratory tract infections, skin and skin structure infections and bone and joint 
infections due to the organisms listed in each section below. In severe and 
complicated lower respiratory tract infections, skin and skin structure infections and 
bone and joint infections, safety and effectiveness of the iv formulation have not 
been established. 
Lower Respiratory Infections—mild to moderate infections caused by 
Escherichia coli, Klebsiella pneumoniae subspecies pneumoniae, Enterobacter 
cloacae, Proteus mirabilis, Pseudomonas aeruginosa, Haemophilus influenzae, 
Haemophilus parainfluenzae and Streptococcus pneumoniae. 
Skin and Skin Structure Infections—mild to moderate infections caused 
by Escherichia coli, Klebsiella pneumoniae subspecies pneumoniae, Enterobacter 
cloacae, Proteus mirabilis, Proteus vulgaris, Previdencia stuartii, Morganella 
morganii, Citrobacter freundii, Pseudomonas aeruginosa, Staphylococcus aureus, 
Staphylococcus epidermidis, and Streptococcus pyogenes. 
Bone and Joint Infections—mild to moderate infections caused by 
Enterobacter cloacae, Serratia marcescens, and Pseudomonas aeruginosa. 

lf anaerobic organisms are suspected of contributing to the infection, 
appropriate therapy should be administered. 

Appropriate culture and susceptibility tests should be performed before 
treatment in order to isolate and identify organisms causing infection and to 
determine their susceptibility to ciprofloxacin. Therapy with Cipro” I.V. may be 
initiated before results of these tests are known: once results become available, 
appropriate therapy should be continued. 

As with other drugs, some strains of Pseudomonas aeruginosa may develop 
resistance fairly rapidly during treatment with ciprofloxacin. Culture and 
Susceptibility testing performed periodically during therapy will provide information 
not only on the therapeutic effect of the antimicrobial agent but also on the possible 
emergence of bacterial resistance. 

CONTRAINDICATIONS 
Cipro” I.V. (ciprofloxacin) is contraindicated in persons with a history of hyper- 
sensitivity to ciprofloxacin or any member of the quinolone class of antimicrobial 


agents. 

i WARNINGS 

THE SAFETY AND EFFECTIVENESS OF CIPRØFLOXACIN IN CHILDREN, 
ADOLESCENTS (LESS THAN 18 YEARS OF AGE), PREGNANT WOMEN, 
AND LACTATING WOMEN HAVE NOT BEEN ESTABLISHED. (SEE 
PRECAUTIONS—PEDIATRIC USE, PREGNANCY AND NURSING 
MOTHERS SUBSECTIONS.) Ciprofloxacin causes lameness in immature dogs. 
Histopathological examination of the weight-bearing joints of these dogs revealed 
permanent lesions of the cartilage. Related quinolone-class drugs also produce 
erosions of cartilage of weight-bearing joints and other signs of arthropathy in 
immature animals of various species. (See ANIMAL PHARMACOLOGY section in 
full prescribing information.) 

Convulsions have been reported in patients receiving ciprofloxacin. 

Convulsions, increased intracranial pressure, and toxic psychosis have been 
reported in patients receiving ciprofloxacin and other drugs of this class. 
Quinolones may also cause central nervous system (CNS) stimulation which may 
lead to tremors, restlessness, lightheadedness, coafusion and hallucinations. If 
these reactions occur in patients receiving ciprofloxacin, the drug should be 
discontinued and appropriate measures instituted. As with all quinolones, 
ciprofloxacin should be used with caution in patientsewith known or suspected CNS 
disorders, such as severe cerebral arteriosclerosis, epilepsy, and other factors that 
predispose to seizures, (See ADVERSE REACTIONS.) 
SERIOUS AND FATAL REACTIONS HAVE BEEN REPORTED IN PATIENTS 
RECEIVING CONCURRENT ADMINISTRATION OF INTRAVENOUS 
CIPROFLOXACIN AND THEOPHYLLINE. These reactions have included cardiac 
arrest, seizure, status epilepticus and respiratory failure. Although similar serious 
adverse events have been reported in patients receiving theophylline alone, the 
possibility that these reactions may be potentiated by ciprofloxacin cannot be 
eliminated. If concomitant use cannot be avoided, serum levels of theophylline 
should be monitored and dosage adjustments made as appropriate. 

Serious and occasionally fatal hypersensitivity (anaphylactic) reactions, some 
following the first dose, have been reported in patients receiving quinolone therapy. 
Some reactions were accompanied by cardiovascular collapse, loss of 
consciousness, tingling, pharyngeal or facial edema, dyspnea, urticaria, and itching. 
Only a few patients had a history of hypersensitivity reactions. Serious anaphylactic 
reactions require immediate emergency treatmen! with epinephrine and other 
resuscitation measures, including oxygen, intravenous fluids, intravenous 
antihistamines, corticosteroids, pressor amines and airway management, as 
clinically indicated. 

Severe hypersensitivity reactions characterized by rash, fever, eosinophilia, 

jaundice, and hepatic necrosis with fatal outcome have also been reported extremely 
rarely in patients receiving ciprofloxacin along with other drugs. The possibility that 
these reactions were related to ciprofloxacin cannot be excluded. Ciprofloxacin 
should be discontinued at the first appearance of a skin rash or any other sign of 
hypersensitivity. 
Pseudomembranous colitis has been reported with nearly all 
antibacterial agents, including ciprofloxacin, and may range in severity 
from mild to life-threatening. Therefore, it is important to consider this 
diagnosis in patients who present with diarrhea subsequent to the 
administration of antibacterial agents. 

Treatment with antibacterial agents alters the normal flora of the colon and may 
permit overgrowth of clostridia. Studies indicate that a toxin produced by 
Clostridium difficile is one primary cause of “antibiotic-associated colitis.” 

After the diagnosis of pseudomembranous colitis has been established, 
therapeutic measures should be initiated. Mild cases of pseudomembranous colitis 
usually respond to drug discontinuation alone. In moderate to severe cases, 
consideration should be given to management with fluids and electrolytes, protein 
supplementation, and treatment with an antibacterial drug effective against C. 


difficile. 

PRECAUTIONS 
General: INTRAVENOUS CIPROFLOXACIN SHOULD BE ADMINISTERED BY 
SLOW INFUSION OVER A PERIOD OF 60 MINUTES. Local iv site reactions have 
been reported with the intravenous administration of ciprofloxacin. These reactions 
are more frequent if infusion time is 30 minutes or less or if small veins of the hand 
are used. (See ADVERSE REACTIONS.) 

Crystals of ciprofloxacin have been observed rarely in the urine of human 
subjects but more ee in the urine of laboratory animals, which is usually 
alkaline. (See ANIMAL PHARMACOLOGY section in full prescribing information.) 
Crystalluria related to ciprofloxacin has been reported only rarely in humans 
because human urine is usually acidic. Alkalinity of tne urine should be avoided in 
patients receiving ciprofloxacin. Patients should be well hydrated to prevent the 
formation of highly concentrated urine. 

Alteration of the dosage regimen is necessary for patients with impairment of 
renal function. (See DOSAGE AND ADMINISTRATION. ) 

Moderate to severe phototoxicity manifested by an exaggerated sunburn 
reaction has been observed in some patients who were exposed to direct sunlight 
while receiving some members of the quinolone class of drugs. Excessive sunlight 


should be avoided. 

~ As with any potent drug, periodic assessment of organ system functions, 
including renal, hepatic, and hematopoietic, is advisable during prolonged therapy. 
Information for Patients: Patients should be advised that ciprofloxacin may be 
associated with hypersensitivity reactions, even following a single dose, and to 
discontinue the drug at the first sign of a skin rash or other allergic reaction. 

Ciprofloxacin may cause dizziness and lightheadedness; therefore, patients 
should know how they react to this drug before they operate an automobile or 
machinery or engage in activities requiring mental alertness or coordination. 

Patients should be advised that ciprofloxacin may increase the effects of 

theophylline and caffeine. There is a possibility of caffeine accumulation when 
products containing caffeine are consumed while taking quinolones. 
Drug Interactions: As with other quinolones, concurrent administration of 
ciprofloxacin with theophylline may lead to elevated serum concentrations of 
theophylline and prolongation of its elimination half-life. This may result in 
increased risk of theophylline-related adverse reactions. (See WARNINGS.) If 
concomitant use cannot be avoided, serum levels of theophylline should be 
monitored and dosage adjustments made as appropriate. 

Some quinolones, including ciprofloxacin, have also been shown to interfere 
with the metabolism of caffeine. This may lead to reduced clearance of caffeine and 
a prolongation of its serum half-life 

Some quinolones, including ciprofloxacin, have been associated with transient 
elevations in serum creatinine in patients receiving cyclosporine concomitantly. 

Quinclones have been reported to enhance the effects of the oral anticoagulant 
warfarin or its derivatives. When these products are administered concomitantly, 
prothrombin time or other suitable coagulation tests should be closely monitored. 

Probenecid interferes with renal tubular secretion of ciprofloxacin and produces 
an increase in the level of ciprofloxacin in the serum. This should be considered if 
patients are receiving both drugs concomitantly. 

As with other broad-spectrum antimicrobial agents, prolonged use of 
ciprofloxacin may result in overgrowth of nonsusceptible organisms. Repeated 
evaluation of the patient's condition and microbial susceptibility testing are 
ae lf superinfection occurs during therapy, appropriate measures should be 
taken 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Eight in vitro 
on tests have been conducted with ciprofloxacin. Test results are listed 

elow: 

Saimonella/Microsome Test (Negative) 

E. coli DNA Repair Assay (Negative) 

Mouse Lymphoma Cell Forward Mutation Assay (Positive) 

Chinese Hamster V7g Cell HGPRT Test (Negative) 

Syrian Hamster Embiyo Cell Transformation Assay (Negative) 

Saccharomyces cerevisiae Point Mutation Assay (Negative) 

Saccharomyces cerevisiae Mitotic Crossover and Gene Conversion 

Assay (Negative) 

Rat Hepatocyte DNA Repair Assay (Positive) 

Thus, two of the eight tests were positive, but results of the following three in vivo 
test gt gave negative results: 
at Hepatocyte DNA Repair Assay 

Micronucleus Test (Mice) 

Dominant Lethal Test (Mice) 

Long-term carcinogenicity studies in mice and rats have been completed. After daily 
oral dosing for up to 2 years, there is no evidence that ciprofloxacin has any 
carcinogenic or tumorigenic effects in these species. 
Pregnancy: Teratogenic Effects. Pregnancy Category C: Reproduction 
Stucies have been performed in rats and mice at doses up to 6 times the usual daily 
human dose and have revealed no evidence of impaired fertility or harm to the fetus 
Cue to ciprofloxacin. In rabbits. ciprofloxacin (30 and 100 mg/kg orally) produced 
Gastrointestinal disturbances resulting in maternal weight loss and an increased 
incidence of abortion. No teratogenicity was observed at either dose. After 
intravenous administration of doses up to 20 mg/kg, no maternal toxicity was 
produced, and no embryotoxicity or teratogenicity was observed. There are, 
however, no adequate and well-controlled studies in pregnant women. Ciprofloxacin 
should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. (See WARNINGS.) 
Nursing Mothers: Ciprofloxacin is excreted in human milk. Because of the 
potential for serious adverse reactions in infants nursing from mothers taking 
ciprofloxacin, a decision should be made either to discontinue nursing or to 
discontinue the drug, taking into account the importance of the drug to the mother. 
Pediatric Use: Safety and effectiveness in children and adolescents less than 18 
years of ns have not been established. Ciprofloxacin causes arthropathy in juvenile 
animals. (See WARNINGS.) 

ADVERSE REACTIONS 
The most frequently reported events, without regard to drug relationship, among 
patients treated with intravenous ciprofloxacin were nausea, diarrhea, central 
nervous system disturbance, local iv site reactions, abnormalities of liver associated 
enzymes (hepatic enzymes) and eosinophilia. Headache, restlessness and rash were 
also noted in greater than 1% of patients treated with the most common doses of 
ciprofloxacin 

Local iv site reactions have been reported with the intravenous administration 
of ciprofloxacin. These reactions are more frequent if the infusion time is 30 minutes 
or less. These may appear as local skin reactions which resolve rapidly upon 
completion of the infusion. Subsequent intravenous administration is not 
contraindicated unless the reactions recur or worsen. 

Additional events, without regard to drug relationship or route of 
administration, that occurred in 1% or less of ciprofloxacin courses are listed below: 

GASTROINTESTINAL: ileus; jaundice; gastrointestinal bleeding: C. difficile 
associated diarrhea; pseudomembranous colitis; pancreatitis; hepatic necrosis; 
intestinal perforation; dyspepsia; epigastric or abdominal pain; vomiting; 
Hh n oral ulceration; oral candidiasis; mouth dryness; anorexia; dysphagia; 
latulence. 

CENTRAL NERVOUS SYSTEM: convulsive seizures, paranoia, toxic psychosis, 
depression, dysphasia, phobia, depersonalization, manic reaction, 
unresponsiveness, ataxia, confusion, hallucinations, dizziness, lightheadedness, 
paresthesia, anxiety, tremor, insomnia, nightmares, weakness, drowsiness, 
irritability, malaise, ted if 

SKIN/HYPERSENSITIVITY: anaphylactic reactions; erythema multiforme/ 
Stevens-Johnson syndrome; exfoliative dermatitis; toxic epidermal necrolysis; 
vasculitis; angioedema; edema of the lips, face, neck, conjunctivae, hands or lower 
extremities; purpura; fever; chills; flushing; pruritus; urticaria; cutaneous 
Candidiasis; vesicles; increased perspiration; hyperpigmentation; erythema 
nodosum; photosensitivity. 

Allergic reactions ranging from urticaria to anaphylactic reactions have been 
reported. (See WARNINGS.) 

SPECIAL SENSES: decreased visual acuity, blurred vision, disturbed vision 
(flasning lights, change in color perception, overbrightness of lights, diplopia), eye 
pain, anosmia hearing loss, tinnitus, nystagmus, a bad taste. 

MUSCULOSKELETAL: joint pain; jaw, arm or back pain; joint stiffness; neck 
and chest pain; achiness; flare-up of gout. 

RENAL/UROGENITAL: renal failure, interstitial nephritis, hemorrhagic cystitis, 
renal calculi, frequent urination, acidosis, urethral bleeding, polyuria, urinary 
retention, gynecomastia, candiduria, vaginitis. Crystalluria, cylindruria, hematuria, 
and albuminuria have also been reported 

CARDIOVASCULAR: cardiovascular collapse, cardiopulmonary arrest, 
myocardial infarction, arrhythmia, tachycardia, palpitation, cerebral thrombosis, 
syncope, cardiac murmur, hypertension, hypotension, angina pectoris. 

RESPIRATORY: respiratory arrest, pulmonary embolism, dyspnea, pulmonary 
edema, respiratory distress, pleural effusion, hemoptysis, epistaxis, hiccough. 

IV INFUSION SITE: thrombophlebitis, burning, pain, pruritus, paresthesia, 
erythema, swelling. 

Also reported were agranulocytosis, prolongation of prothrombin time and 
possible exacerbation of myasthenia gravis. 

Many of these events were described as only mild or moderate in severity, 
abated soon after the drug was discontinued and required no treatment. 

In several instances, nausea, vomiting, tremor, irritability or palpitation were 
judged by investigators to be related to elevated serum levels of theophylline 
possibly as a result of drug interaction with ciprofloxacin. 

Adverse Laboratory Changes: The most frequently reported changes in 
laboratory parameters with intravenous ciprofloxacin therapy, without regard to drug 
relationship, were: 


Hepatic—Elevations of AST (SGOT), ALT (SGPT), alkaline phosphatase, | 
and serum bilirubin. 

Hematologic—Elevated eosinophil and platelet counts, decreased plal 
counts, hemoglobin and/or hematocrit. 

Renal—Elevations of serum creatinine, BUN, uric acid. 

Other—Elevations of serum creatinine phosphokinase, serum theophylline 
patients receiving theophylline concomitantly), blood glucose, and triglyceri 

Other changes occurring infrequently were: decreased leukocyte co 
elevated atypical lymphocyte count, immature WBCs, elevated serum calci 
elevation of serum gamma-glutamy! transpeptidase (-yGT), decreased B 
decreased uric acid, decreased total serum protein, decreased serum albur 
decreased serum potassium, elevated serum potassium, elevated serum choleste 

Other changes occurring rarely during administration of ciprofloxacin w 
elevation of serum amylase, decrease of blood glucose, pancytopenia, leukocyt 
elevated sedimentation rate, change in serum phenytoin, decreased prothron 
time, hemolytic anemia, and bleeding diathesis. 

OVERDOSAGE 

In the event of acute overdosage, the patient should be carefully observed and g 
Supportive treatment. Adequate hydration must be maintained. Only a small ami 
of ciprofloxacin (<10%) is removed from the body after hemodialysis or perito 


dialysis. DOSAGE AND ADMINISTRATION 

The recommended adult dosage for urinary tract infections of mild to mode 
severity is 200 mg every 12 hours. For severe or complicated urinary tract infecti 
the recommended dosage is 400 mg every 12 hours. 

The recommended adult dosage for lower respiratory tract infections, skin 
skin structure infections and bone and joint infections of mild to moderate severit 
400 mg every 12 hours. 

The determination of dosage for any particular patient must take i 
consideration the severity and nature of the infection, the susceptibility of 
Causative organism, the integrity of the patient’s host-defense mechanisms and 
status of renal and hepatic function. 


DOSAGE GUIDELINES 
Intravenous Dail 


Location of Infection Type or Severity Unit Dose Frequency Dos 





Urinary tract Mild/Moderate 200 m 12h  400n 
Severe/Complicated 400 mg q12h _800n 

Lower Respiratory tract: 

Skin and Skin Structure; Mild/Moderate 400 mg q12h 800n 

Bone and Joint 


Cipro® I.V. should be administered by intravenous infusion over a 
period of 60 minutes. 

The duration of treatment depends upon the severity of infection. Genera 
ciprofloxacin should be continued for at least 2 days after the signs and symptc 
of infection have disappeared. The usual duration is 7 to 14 days. Bone and ji 
infections may require treatment for 4 to 6 weeks or g 

Ciprofloxacin hydrochloride tablets (Cipro®) for oral administration 
available. Parenteral therapy may be changed to oral Cipro® tablets when 
condition warrants, at the discretion of the physician. For complete dosage i 
administration information, see Cipro” tablet package insert. 

Impaired Renal Function: The following table provides dosage guidelines 
use in patients with renal impairment; however, monitoring of serum drug lev 
provides the most reliable basis for dosage adjustment. 
RECOMMENDED STARTING AND MAINTENANCE DOSES 
FOR PATIENTS WITH IMPAIRED RENAL FUNCTION 


Creatinine Clearance Dosage 
(mL/min) 
>30 See usual dosage 
5-29 200 - 400 mg q 18 - 24 hr 


When only the serum creatinine concentration is known, the following formula n 


be used to estimate creatinine clearance. 
Men: Creatinine 


clearance (mL/min)= 72 x serum creatinine ‘mg/dl 


Women: 0.85 x the value calculated for men. 


The serum creatinine should represent a steady state of renal function 

For patients with changing renal function or for patients with renal impairm 
and hepatic insufficiency, measurement of serum concentrations of ciprofloxacin | 
provice additional guidance for adjusting dosage. 

INTRAVENOUS ADMINISTRATION 

Cipro? I.V. should be administered by intravenous infusion over a period of 
minutes. Slow infusion of a dilute solution into a large vein will minimize pati 
discomfort and reduce the risk of venous irritation. 
Vials Sgt Concentrate): THIS PREPARATION MUST BE DILUT 
BEFORE USE. The intravenous dose should be prepared by aseptica 
withdrawing the appropriate volume of concentrate from the vials of Cipro? LV. T 
should be diluted with a suitable intravenous solution to a final concentration of ` 
mg/mL. (See COMPATIBILITY AND STABILITY.) The resulting solution should 
infused over a period of 60 minutes by direct infusion or through a Y-ty 
intravenous infusion set which may already be in place. 

lf this method or the “piggyback” method of administration is used, it 
advisable to discontinue temporarily the administration of any other solutions dur 
the infusion of Cipro” LV. 
Flexible Containers: Cipro” |.V. is also available as a 0.2% premixed solutior 
5% dextrose in flexible containers of 100 mL or 200 mL. The solutions in flexi 
containers may be infused as described above. 

COMPATIBILITY AND STABILITY 
Ciprofloxacin injection 1% (10 mg/mL), when diluted with the following intravenc 
solutions to concentrations of 0.5 to 2.0 mg/mL, is stable for up to 14 days 
refrigerated or room temperature storage. 
0.9% Sodium Chloride Injection, USP 
5% Dextrose Injection, USP 

lf Cipro? I.V. is to be given concomitantly with another drug, each drug should 
given separately in accordance with the recommended dosage and route 
administration for each drug. HOW SUPPLIED 
Cipro” ILV. (ciprofloxacin) is available as a Clear, colorless to + yellow 
solution. Cipro? I.V. is available in 200 mg and 400 mg strengths. The concent 
is supplied in vials while the premixed solution is supplied in flexible containers 


follows: 
CONTAINER SIZE STRENGTH NDC NUMBEF 
Vial: 20 mL 200 mg, 1% 0026-8562-20 
40 mL 400 mg, 1% 0026-8564-64 
Flexible 
Container: 100 mL 5% dextrose 200 mg, 0.2% 0026-8552-36 
200 mL 5% dextrose 400 mg, 0.2% 0026-8554-63 
STORAGE 
Vials: Store between 41 - 77°F (5 - 25°C). 


Flexible Container: Store between 41 - 77°F (5 - 25°C). 

Protect from light, avoid excessive heat, protect from freezing 

Ciprofloxacin is also available as Cipro® (ciprofloxacin HC!) Tablets 250, £ 
and 750 mg. 
Caution: Federal (USA) Law prohibits dispensing without a prescriptic 
PZ100736 Issued: January, 1991 Bay q 3939 5202-4-A-U.S.-1 
06-4745 © 1991 Miles Inc. 1578 
References: 1. Traub WH, Spohr M, Bauer D Pseudomonas aeruginosa: in v 
susceptibility to antimicrobial drugs, single and combined, with and without defibring 
human blood. Chemotherapy. 1988;34:284-297 2. Data on file, Miles Inc. Pharmaceut 
Division 
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INSTRUCTIONS FOR AUTHORS 





Manuscripts are to be sent by first-class mail to the Ed- 
itor, Claude H. Organ, Jr, MD, Professor, Dept of Sur- 
gery, University of California—Davis, East Bay, 1411 E 
31st St, Oakland, CA 94602. The procedures listed must 
be followed carefully and all materials requested must be 
enclosed for prompt review and consideration for pub- 
lication in the Archives of Surgery. Use the checklist to en- 
sure completeness. 

Manuscript Preparation.—The original typescript and 
two high-quality copies of the entire manuscript must be 
submitted, including copies of all illustrations, legends, 
tables, and references. All copy, including references, 
legends, and tables, must be typed double-spaced on 
81⁄2 x 11-in, heavy-duty white bond paper. Margins must 
be at least 1 in. If a word processor is used, do not use 
justified right margins. 

Abstract. — Submit an abstract (135-word maximum) of 
the manuscript, which must include a statement of the 
problem, methods of study, results, and conclusions. The 
synopsis-abstract replaces a summary or conclusions. 

Copyright. —A copyright release form signed by all au- 
thors of manuscripts, brief communications, and corre- 
spondence is required by the Copyright Revision Act of 
1976. The following statement, dated and signed by all 
authors, may be used: “In consideration of the American 
Medical Association’s taking action in reviewing and ed- 
iting my submission, the author(s) undersigned hereby 
transfers, assigns, or otherwise conveys all copyright 
ownership to the AMA in the event that such work is 
published by the AMA.” 

Financial Interest.— List all affiliations with or financial 
involvement in any organization or entity with a direct 
financial interest in the subject matter or materials of the 
research discussed in the manuscript (eg, employment, 
consultancies, stock ownership). All such information 
will be held in confidence during the review process. 
Should the manuscript be accepted, the Editor will dis- 
cuss with the author the extent of disclosure appropriate 
for publication. 

References. — References should be listed in consecutive 
numerical order as thev are cited in the text, not alphabet- 
ically. Once a reference is cited, all subsequent citations 
should be to the original number. All references must be 
cited in the text or tables. Unpublished data and personal 
communication may not be listed as references. Refer- 
ences to journal articles should include (1) authors (list all 
authors and/or editors up to six; if more than six, list the 
first three and “et al”), (2) title, (3) journal name as ab- 
breviated in Index Medicus, (4) year, (5) volume number, 
and (6) inclusive page numbers—in that order. Refer- 
ences to books shoulc include (1) authors (list all authors 
and/or editors up to six; if more than six, list the first three 
and “et al”), (2) chapter title, if any, (3) editor, if any, (4) 
title of book, (5) year, (6) city, and (7) publisher. Volume 
and edition numbers, specific pages, and name of trans- 
lator should be included when appropriate. The author 
is responsible for the accuracy and completeness of the 
references and for their correct text citation. 

Author Responsibility.—One author must be desig- 
nated corresponding author, with his or her address and 
telephone number provided. All correspondence and 
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copy editing are sent to this author. The corresponding 
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The Utility 


of Diagnostic Laparoscopy for 


Abdominal Disorders 
Audit of 120 Patients 


David W. Easter, MD; Alfred Cuschieri, MD, FRACS; Leslie K. Nathanson, MD, FRACS; 
Michael Lavelle-Jones, MD, FRACS 


è We audited our recent experience with diagnostic lap- 
aroscopy performed ever a 30-month period on 131 con- 
secutive patients. Laparoscopy was 100% accurate in the 
diagnosis or exclusion of intra-abdominal malignant neo- 
plasms, and future care decisions were affected by this in- 
formation. Laparoscopy in the evaluation of chronic ab- 
dominal pain yielded positive findings in 47% of cases. The 
majority of referrals (73%) for the investigation of chronic 
abdominal pain came from the medical services, whereas 
the majority of referrals (72%) for the investigation of can- 
cer originated from surgeons. Laparoscopy in the setting of 
acute abdominal pain yielded useful information that af- 
fected patient outcomes in 71% of cases. There were no se- 
rious complications in this series. Laparoscopy is a safe and 
useful diagnostic tool, especially for the diagnosis, staging, 
or exclusion of cancer. 
(Arch Surg. 1992;127:379-383) 


pornoo? has been used as a diagnostic tool by sur- 
geons and gastroenterologists since the turn of this 
century.’* Although general surgeons have been rela- 
tively slow to embrace this technology, recent studies de- 
scribe its usefulness in a variety of clinical applications.*” 
Since 1969, we have frequently used general surgical 
laparoscopy at Ninewells Hospital, Dundee, Scotland, for 
the evaluation of a variety of abdominal complaints. This 
study is based on the audit of our experience during the 
last 2% years. Special attention is given to the diagnostic 
yield of laparoscopic findings and the usefulness of such 
findings in patient care. Cases were indexed to both the 
indications for laparoscopy and the source of referral. 


PATIENTS AND METHODS 


One hundred thirty-one consecutive patients underwent 
diagnostic laparoscopy from January 1988 until July 1990. 
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Patients who had elective therapeutic laparoscopy (eg, chole- 
cystectomy) were not studied. Laparoscopy was not performed 
until appropriate less-invasive testing was complete. Five 
eighths of the referrals for laparoscopy came from the medical 
services. Eleven of the 131 patients who had diagnostic laparos- 
copy during this period are not included herein because of 
incomplete records or follow-up. Of the remaining 120 patients, 
all had adequate follow-up examinations, tests, and/or proce- 
dures as directed by their primary physicians with knowledge of 
the findings of laparoscopy. Excluding patients who died, the 
mean follow-up time from laparoscopy was 14.0 months (range, 
0 to 30 months; SD, 9.5 months). 

Diagnostic laparoscopy was performed urgently in those few 
patients who presented through the emergency department 
with undiagnosed acute abdominal pain. The remaining patients 
had elective laparoscopy on an inpatient basis. General anesthe- 
sia was most commonly used, but regional (spinal or epidural) 
anesthesia and/or local anesthesia with sedation was used in 
those few patients who had prohibitive risks for general anes- 
thesia. 

The methods used for inspection, exposure, manipulation, 
biopsy, etc, have been described previously.® All patients had at 
least two cannulae placed, one for viewing—most commonly a 
5-mm, 30° oblique telescope—and one for manipulating. Addi- 
tional cannulae were placed as necessary. Liver biopsy speci- 
mens were taken under direct vision through the abdominal wall 
with the aid of a spring-loaded semiautomatic core biopsy nee- 
dle (Biopty, Radioplast Corp, Stockholm, Sweden). Electrocau- 
tery was used as necessary for hemostasis. 

The findings at laparoscopy were considered positive if 
pathologic lesions were found that could be related to the 
patient’s symptoms. The findings of acute inflammation, cancer, 
or substantial adhesions localized to the area of concern fall in 
this positive category. Negative findings included adhesions 
that were scant or distant from abdominal symptoms and 
excluded disease (eg, cancer) and normal variants (eg, endo- 
metriosis) when these findings were unlikely to be related to 
symptoms. 

Outcomes were measured by their impact on subsequent 
events, such as the need for surgical procedures or the initiation 
of further diagnostic studies. Positive outcomes included the di- 
agnosis, staging, or exclusion of cancer; the finding of specific 
inflammation; liver surface abnormalities or abnormal biopsy 
results; and adhesions that prompted adhesiolysis. Negative 
outcomes were recorded for patients with nonspecific diag- 
noses, such as “irritable bowel syndrome” or dysmenorrhea, as 
well as when subsequent diagnostic investigations were used 
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Table 1.—Indications for > ea and 
Diagnostic Yield 






No. (%) 
of Positive No. (%) 
No. of Examination of Positive 
Indication Patients Results Outcomes 


































Chronic pain 70 37 (53) 27 (39) 
Acute pain 7 4 (57) 5 (71) 
Cancer* 25 17 (68) 25 (100) 
Diarrhea 6 4 (67) 3 (50) 
Nausea/vomiting 3 0 0 
Weight loss 2 0 0 
Malaise 2 1 (50) 2 (100) 
Hepatomegaly 2 2 (100) 2 (100) 
Dyspepsia 1 0 0 
Jaundice 1 1 (100) 1 (100) 
Total 120 68 (57) 65 (54) 





“In the workup of patients with suspected cancer, positive 
examination results included unexpected diagnoses, but all find- 
ings (including negative examination results or the exclusion of 
cancer) gave results that affected further patient care. 


that were not specifically directed by the findings of laparoscopy. 

Significant adhesions were found in 24 patients. Laparoscopic 
adhesiolysis was performed at the same time as diagnostic lap- 
aroscopy for the nine patients whose symptoms could reason- 
ably be ascribed to their adhesions. Delayed open adhesiolysis 
was performed in two other patients with persistent symptoms. 
Laparotomy was performed immediately following diagnostic 
laparoscopy in a few instances. However, in the context of 
known malignant neoplasm in the upper gastrointestinal tract, 
laparoscopy was used as a “final staging” test. In this scheme, 
an open procedure was performed immediately following diag- 
nostic laparoscopy if resectable disease was found.’ If, for exam- 
ple, diffuse peritoneal carcinomatosis was found, laparotomy 
was avoided if possible. 

The average age of patients undergoing diagnostic laparos- 
copy was 40.3 years (range, 12 to 78 years; SD, 19.0 years). Three 
fifths of the patients studied were female. 

The two most frequent indications for diagnostic laparoscopy 
were chronic pain (n= 70) and the suspicion of cancer (n=25). 
Seven examinations were for acute conditions, ie, patients who 
underwent laparoscopy within 1 day of presenting with these 
symptoms. The remaining 18 examinations were done, in 
decreasing frequency, for the evaluation of pain, diarrhea, 
nausea/vomiting, weight loss, general malaise, hepatomegaly, 
dyspepsia, and jaundice (Table 1). 

Over half of the patients underwent elective diagnostic 
laparoscopy for the evaluation of chronic abdominal pain. Of 
those 70 patients, 37 (53%) had positive findings at laparoscopy 
and 27 (39%) had positive outcomes. The disparity in findings 
and outcomes largely was due to diagnoses that did not require 
specific further intervention, eg, Crohn’s disease, minor adhe- 
sions, diverticulosis, minor pelvic pathologic conditions, or he- 
patic cirrhosis. 

In the diagnosis, staging, or exclusion of intra-abdominal ma- 
lignant neoplasms, diagnostic laparoscopy was uniformly useful 
and always resulted in positive outcomes. This is because even 
negative findings affected future decisions regarding patient 
care. Seventeen (68%) of the 25 patients examined for suspected 
cancer had the diagnosis Pre laparoscopy: There have 
been no known false-negative réSults {Table 2). 

Laparoscopy was selectively used in the evaluation of acute 
abdominal pain in seven patients. (Most patients with acute ab- 
dominal pain at Ninewells Hospital were treated without the use 
of diagnostic laparoscopy, ie, laparoscopy was reserved for those 
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cases with atypical presentation or physical findings.) In three 
patients, the diagnosis of acute appendicitis was considered. 
One of these three patients had acute perforated cholecystitis 
and underwent open cholecystectomy at the same time as diag- 
nostic laparoscopy. Another patient had nonvisualization of the 
appendix, and an open appendectomy (revealing acute appen- 
dicitis) was performed immediately following diagnostic lap- 
aroscopy. The third patient had a normal appendix at laparos- 
copy and recovered uneventfully without appendectomy or 
further investigation. 

The remaining four patients with acute pain included a 
woman with a suspected perforated duodenal ulcer. She had the 
diagnosis proven at laparoscopy and immediately underwent 
laparoscopic peritoneal toilet and closure of the perforation with 
an omental patch. She made an uneventful recovery and was 
discharged from the hospital on her fourth postoperative day. 
Two young men had undiagnosed acute abdominal pain con- 
sidered unlikely to represent appendicitis. Both had negative 
laparoscopic findings and recovered without further inquiries. 
Finally, an elderly respiratory cripple underwent laparoscopy to 
confirm our suspicion of acute cholecystitis. At the same time as 
diagnostic laparoscopy, a cholecystostomy tube was placed us- 
ing laparoscopic guidance. His acute inflammation resolved, but 
he died 2 months later of end-stage respiratory failure. 

The results and outcomes of diagnostic laparoscopy indexed 
to indications are given in Table 1. Overall, results of 68 exam- 
inations (57%) were positive, and 65 (54%) had directly useful 
positive outcomes. There were no major complications and no 
known diagnostic errors in this series of patients. 

In the investigation of chronic abdominal pain, substantially 
more examinations were done at the request of medical consult- 
ants than surgical consultants. Surgical referrals were more 
likely to have positive examination results and positive outcomes 
(Table 3). In contrast, surgical referrals for the evaluation of pa- 
tients with cancer (known or suspected) outnumbered medical 
referrals by a factor of 2.5. Surgical referrals had a higher rate of 
positive findings (78% vs 57%), but all results were useful out- 
comes (Table 4). 

Most patients with significant adhesions at laparoscopy were 
from the group with chronic pain. Although symptomatic 
improvement routinely followed both open and laparoscopic 
adhesiolysis, this early result needs a much longer follow-up 
period to be meaningful. At this writing, no patient had required 
a repeated adhesiolysis (Table 5). 

Often, a number of diagnostic tests were variably performed 
prior to laparoscopy. Not infrequently, patients were subjected 
to multiple and repetitive testings. A list of these invasive and 
noninvasive procedures is given in Table 6. 

The patients who had the most preoperative examinations 
prior to laparoscopy were those with diarrhea, followed closely 
by those with chronic pain and those with investigations for 
cancer. Those with acute abdominal pain had the fewest preop- 
erative examinations (P<.001, Table 7). Medical consultants had 
arranged for more preoperative tests than surgical consultants 
(P<.001, Table 7). There was no correlation between the dura- 
tion of symptoms and outcomes of diagnostic laparoscopy. 


COMMENT 


The use of laparoscopic techniques for therapeutic pur- 
poses is experiencing an explosion of activity. However, 
use for diagnostic purposes is over eight decades old. Al- 
though gynecologists have been active in this field for 
some time, few general surgeons routinely use this diag- 
nostic tool. This report describes our experience with di- 
agnostic laparoscopy used for general surgical disorders 
over a 30-month period at Ninewells Hospital, Dundee, 
Scotland. 

Diagnostic laparoscopy is frequently used at our insti- 
tution for specific situations: (1) in cases of chronic 
abdominal complaints (chronic pain, bowel upset, or 
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Table 2.—Laparoscopy in the Evaluation of Neoplasia 


Patient Age, y/ 
Sex Preoperative Diagnosis 

Cancer of R and L lobes of liver 

Cancer af stomach 

Cancer af stomach 

(?) Occult malignant neoplasm 

Cancer ef pancreas 

Liver messes 


Cancer ef lung 
Cancer of pancreas 

(?) Cancer of pancreas 
Liver mass Liver cyst 
Hepatomegaly (irregular) 
Cancer of pancreas 


Cancer of colon, ascites 


Cancer of testicle, liver masses Fibrosis 
Liver masses 
Liver masses 
(?) Recurrent lymphoma 
Colon mass Normal 


Cancer location of primary tumor Normal 


unknown) 
Liver masses 
(?) Cancer of colon, hepatomegaly Normal 
(?) Cancer of liver Normal 
(?) Cancer of liver, fibrosis 


Liver masses, ascites 


Table 3.—Diagnostic Yield of ‘Chronic Pain’ 
Investigation by Referral Source 


No. (%) of 
Positive 
Examination 
Results 


23 (45) 
14 (74) 
37 (53) 


No. (%) of 
Positive 
Outcomes 


14 (27) 
13 (68) 
27 (39) 


No. of 
Patients 


Referral 
Source 


Medical 


Surgical 
Totals 





nonspecific symptoms), (2) when results of other diag- 
nostic tests are inconclusive, (3) for investigation of 
diseases of the liver, (4) in the setting of acute abdominal 
pain, and (5) when the diagnosis of cancer is suspected or 
known and staging or confirmation/exclusion of disease is 
desirable. Laparoscopy is infrequently used in patients 
with possible appendicitis; it is generally reserved for use 
in those with a diagnostically confusing situation and 
possible appendicitis. As accident victims are treated 
elsewhere, we rarely see the need for laparoscopy in the 
evaluation of abdominal trauma. 

More than half of our patients underwent laparoscopy 
for the evaluation of chronic abdominal pain—pain that in 
some patients had been present for more than a dozen 
years. Three fifths of these patients were referred to our 
unit by our medica! colleagues. Most had undergone ex- 
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Findings of Laparoscopy 


R lobe normal, L lobe cancerous 
Resectable lesion 

Malignant ascites 

Adhesions 

Unresectable 


Cancer of gallbladder, liver 
metastasis 


Benign splenomegaly 
Cancer of pancreas, live metastasis 
Pancreatitis 


Cancer of liver (neuroendocrine) 
Cancer of pancreas, liver metastasis 


Malignant ascites, peritcneal 
metastasis 


Cancer of liver 


Carcinoid tumor 
No lymphoma 


Macronodular cirrhosis 


Cirrhosis, portal hypertension 
Macronodular cirrhosis 





Effect of Test 


Operation performed 
Operation performed 


Intraperitoneal chemotherapy 


Reassurance 
Bypass surgery 
Diagnostic 


Abdominal disease excluded 
Nonoperative palliation 
Continued observation 
Cancer excluded, reassurance 
Diagnostic 

Nonoperative palliation 
Diagnostic 


Cancer of abdomen excluded 
Diagnostic 

Diagnostic 

Further observation 

Cancer excluded 

Cancer of abdomen excluded 


Cancer excluded 

Metastasis excluded 
Continued therapy (psoriasis) 
Shunt therapy (splenorenal) 
Cancer excluded 


Table <.— Diagnostic Yield of Cancer Investigation by 
Referral Source 


No. (%) of 






Positive No. (%) of 
Referral No. of Examination Positive 
Source Patients Results Outcomes 














7 (100) 
18 (100) 
25 (100) 


Medical 
Surgical 18 
Total 


4 (57) 
14 (78) 
18 (68) 









tensive preoperative evaluations to determine the source 
of discom<éort. Laparoscopy in this setting yielded positive 
results in approximately half of the patients and produced 
a change :n patient management in fewer than two fifths 
of the patents. However, in the majority of patients who 
had negative findings and negative outcomes, the exclu- 
sion of s.gnificant disease was beneficial not only for 
“peace of mind” but also to avoid further uncomfortable 
and costly investigations. Others have also reported a low 
diagnostic yield with laparoscopy for the evaluation of 
chronic abdominal pain.*7 i 
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Patient Age, y/ 
Sex Symptoms 








Noninvasive Minimally Invasive 








Ultrasound 

Computed tomography Colonoscopy 
Contrast swallow Sigmoidoscopy 
Contrast cholangiogram Bronchoscopy 
Hepatitis serology Cystoscopy 
Contrast enema Esophageal manometry 
Stool cultures Gastric acid measurements 
Biliary scintiscan Angiography 
Fecal fats 


Routine blood studies 






Routine roentgenography 


tolerated months to years of sequential investigations. 


adhesions as a positive finding only if they were more 
than trivial and could reasonably be related to presenting 
symptoms. Even though adhesions may have been con- 
sidered a positive finding, the outcome was recorded as 
being affected only if measures were taken to relieve 
symptoms, ie, removing the adhesions. Adhesiolysis did 
not always follow (usually because the adhesions were 
not likely to cause symptoms), but, when adhesiolysis 
was undertaken, it was often performed at the same time 
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Table 5.—Patients With Adhesions (n= 24) 


Site of Adhesions 


36/F Diarrhea/pain R lower abdomen Open appendectomy 
27/F Chronic pain R lower abdomen Open appendectomy 
54/M Chronic pain Midabdomen (extensive) Open adhesiolysis 
17/M Chronic pain R lower abdomen Open appendectomy 
25/F Diarrhea R lower abdomen Open adhesiolysis 
56/F Chronic pain R upper abdomen Laparoscopic adhesiolysis 
41/F Chronic pain R lower abdomen Laparoscopic adhesiolysis 
31/F Chronic pain Pelvic Laparoscopic adhesiolysis 
39/F Chronic pain Throughout abdomen Laparoscopic adhesiolysis 
21/M Acute pain R lower abdomen Laparoscopic adhesiolysis 
70/M Chronic pain R lower abdomen Laparoscopic adhesiolysis 
64/M Chronic pain R lower abdomen Laparoscopic adhesiolysis 
78/M Weight loss R upper abdomen Laparoscopic adhesiolysis 
64/M Chronic pain R upper abdomen Laparoscopic adhesiolysis 
44/F Diarrhea Pelvis Further tests 
30/M Chronic pain Sigmoid colon/ovary Futher tests 
45/F Diarrhea L lower abdomen (scant) Further tests 
25/F Chronic pain R upper abdomen/gallbladder Antacids 
23/F Chronic pain R upper abdomen Treatment for irritable bowel 
syndrome 

23/F Lymphoma Throughout abdomen Treatment for lymphoma 
44/F Chronic pain R lower abdomen (scant) Reassurance 
53/F (?) Cancer Throughout abdomen Reassurance 
66/M (?) Cancer Epigastric Reassurance 

Chronic pain Cecum Reassurance 





Table 6.—Tests Prior to Laparoscopy* . 


Upper gastrointestinal endoscopy 












Treatment Outcome 








































Invasive 





Endoscopic retrograde cholangiopancreatography 






Directed biopsy 






Endoscopic small-bowel biopsy 











“Tests were variably performed, ie, in a few patients, laparoscopy was the first examination performed. Most patients, however, had 


through the laparoscope. It would be guesswork to spec- 
ulate on the long-term outcome of these patients. 
Laparoscopy for the evaluation of malignant conditions 
proved very useful. All results were helpful—for either 
accurate staging or exclusion of disease—and no errone- 
ous findings are known to date in this series. Laparoscopy 
in this setting is particularly useful in situations where 
conventional radiologic methods frequently fail, ie, when 
peritoneal metastasis or disseminated disease is sus- 
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rior to Lapa rosco 
Referral Source 


No. of Tests Prior to 
Laparoscopy, Mean + SD 


Indication 


Table 7.—Tests P py Indication and 









Diarrhea 

Chronic pain 3.3+2.0 
Cancer (?) 2.2+1.4 
Acute pain 0.7+1.4* 


Referral source 
Medical 

Surgical 

*P<.001 by Student's t test. 


pected.’ We have largely confined the use of staging lap- 
aroscopy to patients with malignant neoplasms in the 
upper gastrointestinal tract (ie, distal esophagus, stom- 
ach, bile ducts, and pancreas), where alternative means of 
palliation exist in cases of advanced disease. This is not 
true at present for colorectal malignant neoplasms; resec- 
tional or bypass surgery is usually the best palliation for 
advanced colorectal malignant neoplasms. 

The laparoscopic diagnosis of diseases of the liver has 
been the goal of surgeons and gastroenterologists for well 
over 80 years.' Using laparoscopy, a diagnostic yield of 
about 95% can be expected." This high yield results from 
the usefulness of biopsy during direct visualization of the 
liver surface. Our experience with laparoscopy for the in- 
vestigation of hepatomegaly or jaundice also confirms this 
view, ie, all of our patients had positive findings and all 
had changes in their management as a result of their ex- 
aminations. (In the present series, those with liver masses 
suspected of harboring carcinoma were included in the 
“cancer” group.) 

Diagnostic laparoscopy for the investigation of abdom- 
inal complaints was utilized with fewer adjunctive tests 
by surgeons than by their medical colleagues. This may be 
because laparoscopy was more readily available to sur- 
geons than to internists. More adjuvant tests were or- 
dered prior to laparoscopy in the investigation of diarrhea 
than for any other symptom. Diagnostic laparoscopy ap- 
peared useful as a “final investigation” for patients with 
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diarrhea or chronic pain. Diagnostic laparoscopy can 
thereby eliminate or minimize subsequent costly, time- 
consuming, and potentially hazardous investigations. 

Riedel et al”? have reported an overall serious complica- 
tion rate of 1.97% in 207 823 laparoscopic/pelviscopic pro- 
cedures performed by a community of hospital gynecol- 
ogists. ? Our experience with diagnostic laparoscopy also 
serves to confirm the safety of this procedure for the in- 
vestigation of abdominal complaints when used by gen- 
eral surgeons. 

We have found laparoscopy to be safe and particularly 
useful for the staging of patients with suspected intra- 
abdominal malignant neoplasms as well as for the diag- 
nosis or exclusion of serious disease whenever chronic 
pain goes undiagnosed. For the investigation of a variety 
of common abdominal complaints and illnesses, we sug- 
gest that it is appropriate to include diagnostic laparos- 
copy in the expanding armamentarium of the general 
surgeon. 
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Original Article 


Mesenteric Lymphadenectomy Prevents Postburn 
Systemic Spread of Translocated Bacteria 


Rifat Tokyay, MD; Stephen T. Zeigler, MD; Heinz M. Loick, MD; John P. Heggers, PhD; 
Paul De la Garza; Daniel L. Traber, PhD; David N. Herndon, MD 


® We investigated the role of mesenteric lymph nodes in 
postburn systemic spread of intestinal bacteria. Group 1 
minipigs (n=8) had a 40% third-degree burn. Group 2 
minipigs (n= 7) had the same burn injury, but their mesen- 
teric lymph nodes were removed immediately after burn. 
Group 3 minipigs (n=8) had sham burn, and group 4 
minipigs (n = 6) had mesenteric lymph node removal under 
anesthesia. All minipigs were killed at 48 hours, and tissues 
were harvested for bacteriological culture. Group 1 showed 
a large number of positive cultures from several of the sys- 
temic organs. Group 2 demonstrated no positive cultures in 
any of the tissues except the peritoneal fluid. These data 
suggest that bacterial translocation occurs mainly via me- 
senteric lymphatics to mesenteric lymph nodes and, thence, 
into other systemic tissue. After major burns, mesenteric 
lymph nodes may become an additional focus of infection. 
(Arch Surg. 1992;127:384-388) 


T he main function of the gastrointestinal system is to 
obtain from the ingested food the metabolites neces- 
sary for the growth and energy needs of the body. Before 
being used or stored as energy, food is digested and 
transformed into small molecules that can be easily 
absorbed. During this process, however, a barrier be- 
tween the intraluminal toxins (acids, digestive enzymes, 
bacteria, and bacterial endotoxins and exotoxins) and the 
internal milieu of the body must be maintained. 

The failure of this barrier may occur under two differ- 
ent clinical settings, both of which may result in systemic 
sepsis. The first and the most widely known is the one 
associated with mechanical damage to the gut, as in 
intestinal perforation. The second and recently more and 
more recognized one is seen in critically ill or traumatized 
patients. Under certain circumstances, even in the ab- 
sence of a discernible lesion, luminally confined gas- 
trointestinal microbes can escape into and infect the sys- 
temic tissues and organs. This process is called “bacterial 
translocation.” +? 

Bacterial translocation over the intestinal wall can be 
seen in or induced by hemorrhagic shock,’ endotoxemia,’ 
antibiotic-induced microflora changes,* long-term paren- 
teral feeding,’ simple intestinal obstruction,° abdominal 
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irradiation,’ hematological malignant neoplasms,’ exper- 
imentally induced intra-abdominal abscesses,’ and ther- 
mal trauma.*'° 

Investigators studying the phenomenon of bacterial 
translocation typically look for recovery of viable bacteria 
from mesenteric lymph nodes (MLNSs) as an indicator of 
bacterial translocation. In many of the experimental 
models, bacteria translocate to the MLNs but do not 
spread systemically.'’ However, under certain conditions 
that sufficiently impair the host’s defense systems, bacte- 
ria can spread beyond the MLNs and cause systemic 
infection. Situations favoring systemic infection are 
endotoxemia’ or zymosan-induced inflammation” super- 
imposed on protein malnourishment, neutrophil deple- 
tion plus hemorrhagic shock,” disruption of the normal 
intestinal flora plus immunosuppression,* prolonged in- 
testinal obstruction,” burns with wound infection,” or 
over 40% total body surface area burn.” 

We have been studying bacterial translocation in a pig 
model of 40% total body surface area, third-degree burn. 
Thermal injury has been reported to impair mucosal- 
barrier function by reducing the mesenteric blood flow,” 
altering the gut microflora, reducing mucosal mass and 
mucosal DNA synthesis,” or increasing intestinal perme- 
ability,” all of which are implicated to induce bacterial 
translocation. Postburn recovery of enteric bacteria from 
the MLNs can be related to this loss of functional integ- 
rity of the intestinal mucosal barrier, letting increased 
numbers of bacteria across the gut. However, it is also 
possible that, after major burns, because the host is also 
immunocompromised, even the low levels of bacteria 
normally translocating to the MLNs cannot be cleared or 
can even multiply in the MLNs and disseminate from 
there to the systemic tissues. Thus, the presence of viable 
bacteria within the MLNs, regardless of how they reach 
the MLNs, may in itself be an important additional factor 
contributing to postburn systemic sepsis, just like the 
presence of tumor cells in the MLNs contributing to tumor 
recurrence or dissemination. This experiment, therefore, 
was designed to test the hypothesis that MLNs, with in- 
testinal bacteria in them, are a focus of infection during 
the postburn period, and that their removal prevents the 
spread of translocated intestinal bacteria to the systemic 
tissues and organs. 


MATERIALS AND METHODS 
Studies were done in 29 female, 6-month-old, Hanford- 
Pittmann-Moore minipigs weighing 19+6 kg. Pigs were ran- 
domized into four groups. Group 1 (n=8) had a 40% total body 
surface area, third-degree flame burn under anesthesia. They 
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received lactated Ringer’s solution, 2 mL:kg™':h~’ for daily 
maintenance and 4 mL-kg™'-percent total body surface area 
burn“! for burn resuscitation, half of which was given in the first 
8 hours and the rest in the next 16 hours. During the second day 
of the experiment, burned minipigs received lactated Ringer’s 
solution, 3500 mL/m? of burned area and 2 mL:kg~':h™' for daily 
maintenance. Group 2 (n=7) had the same type of thermal in- 
jury and resuscitation as in group 1. In addition, immediately 
after burn, through a midline laparotomy incision, all the lymph 
nodes in the mesentery of the small intestine were removed sur- 
gically and cultured for evidence of bacterial translocation. 
Group 3, the sham-burned group (n=8), underwent general 
anesthesia only. Group 4 (n=6) had a sham burn under 
anesthesia and then MLNs were removed as described for group 
2. Lactated Ringer’s solution was administered at a rate of 
2 mL:kg~':h~! for daily maintenance to the minipigs in the last 
two groups. 

At the end of the 48 hours, minipigs were anesthetized with 
5 mL/kg of intravenous ketamine hydrochloride and killed with 
5 mL of intravenous saturated potassium chloride. Using asep- 
tic technique, through a midline laparotomy incision, portal 
blood, peritoneal fluid, and tissue samples from the MLNs (if not 
removed and cultured previously), spleen, liver, kidney, lung, 
jejunum, ileum, and cecum were taken for bacteriological culture 
and histopathological analysis. 


Quantitative Bacteriological Cultures 


Aseptically collected tissue samples were weighed, and 0.5 g 
of each was homogenized in a tissue grinder with 4.5 mL of 
nonbacteriostatic saline to create a 1:10 dilution of the original 
sample. Next, 0.1 and 0.01 mL of the 1:10 dilution was inoculated 
onto a MacConkey agar plate and a Columbia CNA agar plate 
(Carr Scarborough, Deca-ur, Ga) for isolation of gram-negative 
and gram-positive organisms, respectively. Therefore, one col- 
ony would represent 1 x 10? and 1 x 10° colony-forming units per 
gram of tissue, respectively, for each inoculum size. Limits of 
detection were 100 organisms per gram of tissue. Inoculated 
plates were incubated at 37°C for 24 and 48 hours and read with 
a colony counter (Darkfield Quebec model 3330, American Op- 
tical Co, Buffalo, NY) to determine bacterial counts. Positive 
cultures were interpreted as those greater than 100 colonies per 
gram of tissue. 


Histological Preparations 


Light microscopic analysis was performed on sections of jeju- 
num, ileum, and cecum. Tissues were fixed with 10% neutral 
phosphate-buffered formaldehyde, embedded in tissue embed- 
ding medium (Paraplast, Sherwood Medical Industries, St 
Louis, Mo), and serially sectioned at 4 pm. All samples were 
stained with hematoxylin-eosin and periodic acid—Schiff for 
analysis of general structure and with McCallum-Goodpasture 
for study of bacteria.” 


Statistical Analysis 
Bacteriological tissue cul-ure results were analyzed by Fisher’s 
Exact Test. All experimerttal protocols were approved by the an- 
imal care and use committee of the University of Texas Medical 
Branch, Galveston (Anima! Care and Use Committee 87-09-128). 


RESULTS 

The gram-negative and gram-positive microflora of the 
jejunum, ileum, and cecum of the minipigs in the sham- 
burned group are presented in Table 1. Specific tissue 
isolates from minipigs in the four groups are given in Ta- 
ble 2. Only those tissue sample cultures that were positive 
with enteric bacteria of the same biotype as that found in 
the intestine of that m:nipig were considered as evidence 
of bacterial translocation. 

The rates of bacterial translocation to the MLNs and 
systemic tissue samples are given in Fig 1. In the burned 
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Table 1.—The Gram-Negative and Gram-Positive 
Microflora, by Biotype, Found in Contents and Tissue 
Samples of Jejunum, Ileum, and Cecum of Minipigs in 
Sham-Burn Group 


Organism Biotype 


Gram-Negative 


4111501-2, 4311501-0, 5111501-0, 
5311505-0, 5711521-0, 5731401-0, 
6711501-0, 7321501-0, 7711501-0, 







Escherichia coli 










7711501-2 
Escherichia fergonsii 4301501-0, 4321501-0 
Enterobacter clocacae 6730317-4 








0206372-6 





Pseudomonas 
aeruginosa 






7730537-0, 7771537-2 
7674437-0, 7774477-0 
7775537-0 
7730521-0 
0000004-0, 7751501-0 
Gram-Positive 

2161517, 317367, 737157 


Enterobacter aerogenes 






Klebsiella pneumoniae 
Klebsiella oxytoca 
Klebsiella ozaenae 
















Serratia oderifera 





Staphylococcus 
aureus 









Staphylococcus 307044, 323046, 333046, 333047 


hyicus hyicus 








Staphylococcus 206044 
epidermidis 

Staphylococcus 206357 
haemolyticus 







66747654 
66157554, 66747754 


Enterococcus fecalis 











Enterococcus faecium 










Streptococcus 62157024 
sanguis 

Streptococcus 66457014 
bovis 

Streptococcus 02047044, 22046004, 67007044 
inter/milleri 

Streptococcus 66047024 
salivarius 

Streptococcus 00040004 
morbillorum 

Streptococcus 03000004 





mitis 





Micrococcus 000003, 002010 





group, 62.5% of the minipigs had bacterial translocation 
to the MLNs and lungs, 50% to the spleen, 37.5% to the 
liver and kidney, 25% to the peritoneal fluid, and 12.5% 
to the portal blood. No bacterial translocation to the sys- 
temic organs was seen in either the group given burn plus 
mesenteric lymphadenectomy or the group given sham 
burn plus mesenteric lymphadenectomy. However, these 
two groups had bacterial translocation to the peritoneal 
fluid at a rate of 85.7% and 83.3%, respectively. In the 
sham-burned group, bacterial translocation to the MLNs, 
spleen, and lung could be seen in only one (12.5%) of 
eight minipigs. 

Bacterial translocation rate to the MLNs, lungs, and 
spleen in the burned group was significantly higher than 
that of the groups given burn plus mesenteric lym- 
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Table 2.—Specific Tissue Isolates From Four Groups* 


No. 
Tissue Positive/ 
Samples 


Total Organism Biotype 


Burn 


000003 
7711501-2, 7711501-0 
66157554 


Micrococcus 
Escherichia coli 
Enterococcus 
faecium 
Enterococcus 
faecalis 


66747654 


Staphytlococcus 317367 
aureus 


E faecalis 66747654 


000003 
323046 


Micrococcus 


Staphylococcus 
hyicus hyicus 


Micrococcus 000003 


333047 
000003 


S hyicus hyicus 
Micrococcus 


Sham Burn 

737157 

737157 

S aureus 737147 
Burn+MLN Removal 


133047 
7771317-2 


S aureus 


S aureus 


Peritoneal S hyicus hyicus 
fluid Enterococcus 
cloacae 
E coli 7711501-0, 5311505-0 
E faecalis 66757654 


E faecium 66757774 
Sham Burn+MLN Removal 


303066 
337166 


Peritoneal S hyicus hyicus 
fluid Staphylococcus 
warneri 
S aureus 
E faecalis 


66747655, 337047, 713166 
66747654 


*MLN indicates mesenteric lymph node. 





phadenectomy and sham burn plus mesenteric lym- 
phadenectomy. However, bacterial translocation rate to 
the peritoneal fluid was significantly lower in the sham- 
burned group than in the groups given burn plus mesen- 
teric lymphadenectomy and sham burn plus mesenteric 
lymphadenectomy. 

The gross appearance of the small intestine and its me- 
sentery 48 hours after MLN removal is shown in Fig 2. The 
groups given mesenteric lymphadenectomy had some 
intra-abdominal adhesions and mild edema of the small 
intestine. Histologically, the only difference between the 
groups with (groups 2 and 4) and without (groups 1 and 
3) MLN removal was the presence of subepithelial edema 
and dilatation of the lymphatic lacteals in the small intes- 
tine, especially in the ileum, of the minipigs with mesen- 
teric lymphadenectomy. Mesenteric lymph node removal 
did not cause changes in the intestinal epithelium as did 
the burn injury, which resulted in shortened and blunted 
intestinal villi, shedding of the villi tips, and atrophy of 
the intestinal mucosa. 


COMMENT 


Major burns are known to impair the local and systemic 
immune defenses.”” In such an immunocompromised 
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No. of Positive Cultures 


NANANAAAAAAAANANANASNY + 





Portal Peritoneum 
Blood 


Fig 1.— Bacteriological tissue culture results in four groups: those 
given burn (closed bars, n=8), those given burn plus mesenteric 
lymph node (MLN) removal (shaded bar, n=7), those given sham 
burn (epen bars, n=8), and those given sham burn plus MLN 
removel (hatched bar, n=6). The burned group showed bacterial 
translocation to systemic organs; groups given mesenteric lym- 
phaderectomy, with or without burn, showed bacterial transloca- 
tion orly to the peritoneal fluid. Asterisk indicates P<.05, groups 
given burn vs burn plus MLN removal; dagger, P<.05, groups given 
sham burn plus MLN removal vs sham burn. 
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Fig 2.—Gross appearance of the small intestine and its mesentery 
48 hours after lymphadenectomy. Mesenteric lymphadenectomy 
caused mild edema and some adhesions in the intestine. 


setting, postburn translocation of intestinal bacteria!” 


may be responsible for some of the septic consequences 
of major thermal injury.” However, the route and 
mechanism by which intestinal bacteria contribute to sys- 
temic sepsis are unclear. There are three possibilities as to 
how enteric bacteria can spread to the systemic tissues 
and organs after major burns. One scenario may be that 
impaired mucosal barrier results in transmural migration 
of intestinal bacteria into the peritoneal cavity. A second 
possible scenario is that bacteria, after being internalized 
into the lamina propria, are carried via the portal circula- 
tion to the liver and then to other systemic tissue and or- 
gans. The last scenario is that bacterial translocation 
occurs via the lymphatics to the MLNs and from there to 
the systemic circulation. 

The major finding of this study was that the removal of 
the MLNs prevented the systemic spread of the postburn 
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translocated bacteria but was associated with the spread 
of bacteria to the peritoneal fluid. This finding suggests 
that, after a major burn, indigenous bacteria translocate 
mainly via the lymphatics. Although in a previous study 
(D.N.H., unpublished data, 1991) we had found signifi- 
cantly increased endotoxin levels in the superior mesen- 
teric vein after burn, in this study we were unable to de- 
tect significant postburn bacterial translocation to or via 
the portal vein, suggesting that postburn bacterial trans- 
location and endotoxin absorption occur through differ- 
ent routes. These results are consistent with those of 
Moore et al, who also were unable to detect bacteria in 
the portal vein after major trauma. 

Another finding in favor of the lymphatic route for sys- 
temic spread of translocated bacteria is that in the groups 
given burn plus mesenteric lymphadenectomy and sham 
burn plus mesenteric lymphadenectomy, bacterial trans- 
location rate to the peritoneal fluid was significantly 
higher than that of the sham-burned group. Although in- 
creased recovery rate of intestinal bacteria from the peri- 
toneal cavity may have been caused by transmural mi- 
gration of bacteria across the gut wall due to handling of 
the intestines, it is more likely that severance of lymphatic 
channels during removal of MLNs resulted in leakage of 
lymph fluid containing translocating bacteria into the 
peritoneal cavity. Furthermore, since the rate of bacterial 
translocation to the peritoneal cavity was not significantly 
different in the group given burn plus mesenteric lym- 
phadenectomy vs the group given sham burn plus 
mesenteric lymphadenectomy, it is not the burn injury 
but the interruption of the lymphatic channels that is re- 
sponsible for the increased bacterial translocation to the 
peritoneal fluid. Maybe, as Wells et al? have hypothe- 
sized, bacterial translocation is normally a part of the an- 
tigen sampling process of the gut-associated lymphoid 
tissue, and because the route through which this process 
takes place is interrupted, translocating bacteria are end- 
ing up in the peritoneal cavity. 

Histologically, mesenteric lymphadenectomy caused 
subepithelial edema, while burn injury resulted in epi- 
thelial changes in the intestine. Although histological 
changes were different, rates of bacterial translocation to 
the peritoneal fluid were similar in the burned and non- 
burned lymphadenectomized minipigs. Since a specific 
histological change cannot be held responsible for bacte- 
rial translocation, we think it is the mechanically (lym- 
phadenectomy) or the immunologically (burn) compro- 
mised state of the lymphatic route that is responsible for 
the spread of the translocated bacteria either to the peri- 
toneal cavity or to the systemic organs. 

Although bacteria could be cultured from the peritoneal 
fluid, we were unable to recover viable bacteria from the 
systemic tissues and organs of any of the minipigs given 
sham burn plus mesenteric lymphadenectomy or burn 
plus mesenteric lymphadenectomy. The reason for this is 
unclear, but most probably, again, the immunocompe- 
tency of the organism is more important in the evolution 
of systemic sepsis than the mere presence of translocated 
bacteria in an extraintestinal site. According to Deitch et 
al,” burn injury suppresses the lymphocyte function in 
Peyer’s patches, MLN, and splenic compartments, the 
maximal effect being seen in the last of these. Although 
our study does not provide conclusive evidence for the 
eventual fate of the bacteria translocated to the peritoneal 
cavity in the lymphadenectomized minipigs, it is possible 
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that they are cleared through the transdiaphragmatic 
lymphatic route,” which may not be as suppressed, 
functionally, as the mesenteric route in the postburn pe- 
riod. 

Mesenteric lymph nodes are the secondary or satellite 
lymph nodes where systemic immune responses are am- 
plified. The presence of memory cells in the lymph nodes 
makes it possible to produce a more rapid and persistent 
response when an antigen is next encountered. Cell- 
mediated immunity is an important part of the host’s de- 
fense system in preventing bacterial translocation after 
burns.** Normally, as lymph flows through the sinuses of 
these nodes, translocating bacteria, if any, and other de- 
bris are removed from the lymph by the phagocytic activ- 
ity of macrophages that span the sinuses. According to 
Faist et al,” massive tissue injury following major trauma 
and burns floods the reticuloendothelial system with au- 
tologous antigens such as cell debris and protein frag- 
ments, overcharging the capacity of the antigen- 
presenting macrophages and preventing them from 
doing their actual obligation, namely, the recognition and 
processing of foreign antigens. There may be other 
reasons for the postburn dysfunction of the MLN. Jones 
et al? have reported that pathophysiological elevations of 
glucocorticoid levels are associated with prolonged pres- 
ence of translocated bacteria in the MLNs. 

Alexander et al* have shown, electron microscopically, 
that labeled Candida and Escherichia coli translocate into the 
lamina propria by direct penetration of enterocytes. These 
organisms are then usually phagocytized by tissue mac- 
rophages or are sometimes found free in lymphatic lacte- 
als. Wells et al” have postulated that tissue macrophages 
can engulf the bacteria, transport them to the MLNs, and 
liberate them there if bactericidal activity of the macro- 
phage is impaired. The same groups have also shown that 
a certain type of indigenous E coli could be recovered from 
the MLNs even 48 hours after this organism had been 
eliminated from the intestinal flora by antibiotics and re- 
placed with a different type of exogenous E coli.* These 
findings suggest that the MLNs themselves may be a fo- 
cus of infection with intestinal bacteria and confirm our 
results, which show that removal of this focus prevents 
the systemic spread of translocated bacteria. 

We admit that mesenteric lymphadenectomy is infeasi- 
ble and impractical as a treatment modality to prevent 
postburn sepsis resulting from bacterial translocation. In 
the long run, adverse effects on digestive and immune 
function may outnumber beneficial effects. Also, as we 
reported in another study,” by 96 hours after burn, 
translocated bacteria are usually cleared from the MLN 
and other systemic tissues if no additional insult is 
encountered. Nevertheless, we must not overlook the 
possibility of MLN as being a septic focus in the burned 
subject with impaired regional and systemic immune de- 
fenses. Postburn manipulation of MLNs by pharmaco- 
logical, immunological, or other means may prove bene- 
ficial. 
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creased, greater numbers of bacteria cross the mucosal 
barrier and now bacteria can be recovered from the mesen- 
teric lymph nodes. 

Although the translocated bacteria are present in these 
nodes, they do not spread to other organs unless the host is 
severely immunocompromised or severely stressed, as oc- 
curs with thermal injury. In this case, the translocated bacte- 
ria not only survive in the mesenteric nodes but can multiply 
there and subsequently spread to infect other organs. 

In thes study, Tokyay et al have tested this hypothesis and, 
by documenting that removal of the MLNs largely prevents 
the spread of bacteria to systemic organs such as the lung, 
liver, spleen, and kidney, have provided new and important 
information on the potential role of lymphatic spread in the 
pathogenesis of bacterial translocation. Although further 
work is required in this area, it seems that in contrast to the 
nonstressed healthy animal where the mesenteric lymph 
nodes generally function to prevent the spread of translocat- 
ing organisms to other organs, in the immunocompromised 
animal, the mesenteric lymph nodes may serve as a reservoir 
for the systemic spread of translocating bacteria. 

EDWIN A. DEITCH, MD 
Shreveport, La 
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Do Cancers Invade Veins? 


Edward Scanlon, MD; Satya Murthy, PhD; Dennis Groothuis, MD 


è It is postulated that all malignant tumors spread in the 
same way. They invade through the basement membrane, 
spread through the interstitial compartment for variable 
distances, enter a lymphatic vessel through natural clefts, 
and reach the vascular compartment through lymphatic 
venous anastomoses or terminal lymphatics. The brain 
would seem to be an ideal site to test these ideas since it 
contains no lymphatic vessels. Injections of a well- 
characterized murine mammary tumor into the brains of 
123 mice resulted in growth of the tumor in 82 mice (67%). 
Autopsy revealed only five cases in which there was distant 
tumor that had invaded beyond the brain. 
(Arch Surg. 1992;127:389-391) 


T he standard teaching on malignant tumor dissemina- 

tion is that tumors spread by way of the lymphatic 
or the vascular route, depending on some inherent char- 
acteristics of the malignant cells. We believe that the in- 
terstitial, lymphatic, and venous compartments consti- 
tute a single system and all tumors spread in the same 
way.'” Tumors invade through the basement membrane, 
embolize, float for variable distances in the interstitial 
compartment, enter the lymphatic circulation through 
natural clefts, and eventually enter the venous circulation 
through lymphatic and venous anastomoses”* or from the 
terminal lymphatics such as the thoracic duct. All tumor 
cells that spread distantly, therefore, do so by way of the 
vascular route. This study was designed to gain further 
information on the frequency of direct venous invasion of 
cancer cells. The brain does not have a lymphatic circula- 
tion as it is generally understood. Lymphatic interchange 
takes place in the meninges and through choroid villi, but 
not in the brain substance itself. Malignant, primary brain 
tumors rarely, if ever, metastasize systemically unless 
there has been surgery on the tumor, a peritoneal shunt 
has been constructed, or the tumor invades tissue outside 
the brain substance. It is sometimes thought that the rea- 
son for this failure to develop metastases lies in the nature 
of the tumor cells and is due to an incompatibility of “seed 
and soil.” However, Hoffman and Duffner? described 282 
patients with metastatic brain tumors, practically all of 
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whom underwent brain surgery. The problem would, 
therefore, seem to be a failure of invasion and dissemina- 
tion rather than implantation. If tumors gain access to the 
vascular lumen by invasion through the vein wall rather 
than lymphatic feeding, the brain should be an excellent 
place to study the process since there are many veins and 
no lymphatics. 

We have studied extensively the TA,;Ha tumor in strain 
A mice. When 1 x 10° tumor cells are injected in various 
locations, including the tail vein, the mice develop lung 
metastases 50% of the time and die in about 4 weeks.°® 
Metastases to the liver or kidney are very uncommon un- 
less those organs have been traumatized.’ Tumor implan- 
tation occurs in the liver in nearly 50% of the cases if the 
tumor cells are injected into the tail vein on the day of 
partial hepatectomy; similar results are seen in the trau- 
matized kidney.*® 


MATERIALS AND METHODS 


Strain A female mice from the Cumberland View Farms lab- 
oratory (Clenton, Tenn), 8 to 10 weeks old and weighing 20 g, 
were used. TA;Ha ascites tumor cells were harvested, washed, 
and suspended in Hanks’ balanced salt solution. The tumor cells 
were counted in a hemocytometer, and diluted to provide the 
desired number of cells in 2 pL of solution. Intraperitoneal so- 
dium pentobarbital (Nembutal, Abbott Laboratories, North 
Chicago, Ill) was used as an anesthetic. Injections of tumor cells 
were made through the intact skull just off the midline and just 
behind a line connecting the two eyes. The needle was stabilized 
in the brain substance before the injection was made. In some 
cases, the needle was inserted gently until it touched the base of 
the skull and then was withdrawn a short distance before injec- 
tion. The injection was made using a Hamilton syringe holder 
(Hamilton Co, Reno, Nev), which delivers a specified volume of 
solution, and a 100-L syringe (Baxter Healthcare Corp, Deer- 
field, Ill). After injection, the needle was withdrawn and gentle 
finger pressure was applied over the injection site to help pre- 
vent extravasation of the tumor solution. In the beginning, most 
tumors grew upward through the skull along the needle tract of 
the tumor injection. This problem was overcome by changing 
from a 26-gauge needle to a 30-gauge needle, and suspending 
the tumor in a 1.5% methyl cellulose solution. After the surgical 
procedure, the mice were given standard food and water ad libitum. 

In the initial group of mice, 4000 cells were injected. Subse- 
quent tumor loads were 1000, 400, 200, 100, 50, and 10 cells sus- 
pended in 1 aL of solution. 

In two groups of mice, a partial hepatectomy was done on the 
day of tumor injection into the brain to facilitate liver implanta- 
tion of any circulating tumor cells. 

The mice were killed when they appeared moribund or at 
about 4 weeks if they appeared healthy. Autopsies were per- 
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Tumor Loads to Determine the Optimal Number of 
Tumor Cells to be Injected 
No. of No. With Tumor 


No. of Cells Sa oT ase eS 
Mice Injected Period,d Brain Scalp Lung Liver 


Ne} 
So 


7 0 
4 0 
3 0 
0 0 
9 1 
S 0 
1 0 
0 0 
0 0 


*A partial hepatectomy also was done. 

tThe skull was involved with tumor. 

Cells were injected into scalp. 

§One mouse with lung metastases had involvement of the 
meninges, but not the skull. 

One mouse had spine metastases; an auopsy was not done on 
one mouse because of autolysis. 


formed within 24 hours of death and the entire brain was 
removed and immediately placed in formaldehyde solution. 
Routine sections were taken of the lungs and liver. Two sections 
of the brain were taken in addition to those of obvious tumor. 
When examination of initial sections showed that the tumor was 
only in the meninges, additional sections were taken of the brain 
substance. Microscopic sections were stained with hematoxylin- 
eosin. 


RESULTS 


To determine the optimal number of tumor cells that 
should be injected, various tumor loads were studied 
(Table). 

The mouse that was paralyzed in the hind legs was 
found at autopsy to have tumor destruction of the 
lumbosacral vertebrae. Since there were no other distant 
metastases, we assumed that the tumor disseminated 
through the cerebrospinal fluid. In some cases, it was dif- 
ficult to ascertain whether the tumor in the meninges in- 
vaded the brain or whether it merely was attached. Those 
cases were counted as having tumor in the brain since 
they had the greatest chance of distant spread. 


COMMENT 


Sir James Paget? postulated that malignant tumors 
invaded lymphatics and/or veins and implanted in recep- 
tive tissue (the seed and soil concept). Fidler? has lent 
support to this concept, showing that tumors consist of 
heterogeneous populations of cells that implant according 
to the clone that touches specific tissue. Ewing" believed 
that tumors spread either by way of the lymphatic or the 
vascular route and that embolic cells implanted in the first 
filter, such as lymph node or lung, with which they came 
into contact. 

There is no evidence that intravascular tumor cells seen 
in the smaller veins that the pathologist examines on mi- 
croscopic sections are any different from those in the ma- 
jor veins that the pathologist does not examine. The larger 
the vessel and the swifter the current in which tumor cells 
are seen on microscopic examination, the worse will be 
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the prognosis.” These events depend on quantitative 
rather than qualitative factors; the more cells being shed 
from the primary tumor, the more likely they are to be 
seen in larger conduits with swifter flow. The implication 
has been that venous tumor emboli have features that 
permit the cells to intravasate into the vein lumen and are 
therefore more aggressive and more lethal. Direct venous 
invasion may occur, but there are no data on the relative 
frequency of this event. 

We believe that the interstitial, lymphatic, and vascular 
compartments comprise a single system, and that all me- 
tastasizing cells disseminate in the same way. Tumors in- 
vade through the basement membrane, spread for vari- 
able distances in the interstitial compartment, enter 
lymphatic capillaries through natural clefts, and progress 
into the vascular compartment through lymphatic venous 
anastomoses or terminal lymphatics such as the thoracic 
duct. All distant metastasizing tumors, therefore, spread 
by way of the vascular route; the lymphatic channels are 
merely feeding conduits that sometimes pass through a 
lymph node filter on their way to a vein. Prognosis 
depends on the number of cells that disseminate. Seeing 
tumor cells in vessels will depend only on the number of 
cells metastasizing, the size of the vessel, and the strength 
of the current; the larger the vessel and the swifter the 
current, the less likely it is that the cells will be seen. Tu- 
mors can invade directly through vein walls, but this has 
rarely been demonstrated and its relative frequency is 
unknown. Support for the concept that prognosis corre- 
lates with the number of cells disseminating rather than 
some qualitative factor is found in several studies of cir- 
culating tumor cells. 

Friedell and colleagues* concluded that when there 
were axillary node metastases, the presence or absence of 
blood vessel invasion in the primary tumor was not dem- 
onstrated to represent a significant prognostic factor. 
Golinger and associates, in a study of the pathologic 
characteristics of 38 women with breast cancer, found tu- 
mor invasion of the vein in only two cases and in neither 
of those were tumor cells found in the venous blood. 
Sampat et al” have stated that the 5-year survival rate for 
people with breast cancer varies between 98% when blood 
vessel and lymph node metastases are absent, to 59% 
when only blood vessel invasion is present, and to 12% 
when both blood vessel invasion and lymph node me- 
tastases are present. Wexler et al’® in a study of two types 
of murine carcinoma concluded that the concentration of 
circulating malignant cells was not dependent on the ex- 
tent of primary tumors, and the extent of disseminated 
disease correlated with a relatively high concentration of 
circulating tumor cells. 

Brain tumors provide an excellent model to study these 
ideas because of the absence of lymphatics. Willis” stated 
that metastases from brain tumors are rare because lym- 
phatics are absent and the cerebral vein walls are resistant 
to invasion. Morley," in 1959, reported two cases of cere- 
bral gliomas and one case of metastatic bronchogenic car- 
cinoma in which blood was drawn from the superior sag- 
ittal sinus and tumor cells were found in the aspirate; 
there was no follow-up. Alvord” has written that gliomas 
do not metastasize because patients with brain tumors do 
not live long enough for the tumor to spread. Battista and 
colleagues” reported on one and Grace and associates” 
reported on two cases of autotransplantation of astrocy- 
tomas to peripheral tissue to stimulate the autoimmune 
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response. The evidence strongly suggests that brain 
tumors can grow in distant sites if they can get there. The 
absence of lymphatics seems to be crucial. It is probable 
that primary tumors in locations other than the brain dis- 
seminate because the interstitial compartment has access 
to lymphatic channels, which in turn empty into veins. 
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Malignant tumors in the brain appear to metastasize in a 
different clinical pattern than cancers arising in other organs. 
Dr Scanlon’s experiment in mice helps to explain this clinical 
observation. 

The surgeon’s current concept of how cancer spreads is 
classically by direct invasion into veins and/or lymphatics. 
This article postulates that a third pathway exists: the inter- 
stitial compartment tha: connects with the two other path- 
ways. 

The surgeon may observe a local recurrence of cancer that 
could still be cured with limited surgery, unless the tumor has 
already spread via veins and/or lymphatics. After these 
mechanisms of spread of cancer are further studied, it may be 
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clinically prudent to use clinical trials to evaluate the use of 
perioperative chemotherapy and/or radiotherapy to destroy 
living cancer cells that may be present in the interstitial com- 
partment.’ The expected benefits of perioperative therapy 
might be fewer recurrences of cancer locally and, perhaps, the 
delayed spread of these cancer cells to a site of trauma, where 
one occas onally detects a metastasis in an unusual location. 

ROBERT J. MCKENNA, SR, MD 

Los Angeles, Calif 
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Technical Details of Intraoperative Lymphatic 
Mapping for Early Stage Melanoma 
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@ The initial route of metastases in most patients with mel- 
anoma is via the lymphatics to the regional nodes. However, 
routine lymphadenectomy for patients with clinical stage | 
melanoma remains controversial because most of these pa- 
tients do not have nodal metastases, are unlikely to benefit 
from the operation, and may suffer troublesome postoper- 
ative edema of the limbs. A new procedure was developed 
using vital dyes that permits intraoperative identification of 
the sentinel lymph node, the lymph node nearest the site of 
the primary melanoma, on the direct drainage pathway. The 
most likely site of early metastases, the sentinel node can be 
removed for immediate intraoperative study to identify 
clinically occult melanoma cells. We successfully identified 
the sentinel node(s) in 194 of 237 lymphatic basins and de- 
tected metastases in 40 specimens (21%) on examination of 
routine hematoxylin-eosin-stained slides (12%) or exclu- 
sively in immunohistochemically stained preparations (9%). 
Metastases were present in 47 (18%) of 259 sentinel nodes, 
while nonsentinel nodes were the sole site of metastasis in 
only two of 3079 nodes from 194 lymphadenectomy spec- 
imens that had an identifiable sentinel node, a false-negative 
rate of less than 1%. Thus, this technique identifies, with a 
high degree of accuracy, patients with early stage mela- 
noma who have nodal metastases and are likely to benefit 
from radical lymphadenectomy. 
(Arch Surg. 1992;127:392-399) 


T here is general agreement that regional lymphadenec- 

tomy is indicated for the patient who has clinically 
suspicious nodes or pathologically proved metastases to 
the regional lymph nodes. A major controversy exists re- 
garding the utility of this procedure for patients with 
clinical stage I (CS-I) disease because most of these 
patients are without nodal metastases and, therefore, can 
derive no benefit from regional lymphadenectomy. On 
initial examination, 90% of patients with melanoma have 
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no clinical evidence of metastasis in the regional lymph 
nodes. Such patients with CS-I disease present a common 
therapeutic dilemma in the management of the regional 
nodes. Because lymphography has not been helpful in 
determining which patients have nodal metastases,’ some 
surgeons advise immediate elective lymph node dissec- 
tion (ELND) for all patients with CS-I disease; others 
adopt a program of “watch and wait,” with careful 
follow-up examinations and delayed therapeutic lym- 
phadenectomy if clinically detectable metastases develop 
in the regional nodes. The benefit of “elective” or “pro- 
phylactic” lymph node dissection (LND) for patients with 
CS-I disease is controversial. Several long-term, retro- 
spective, biostatistical studies from single institutions* 
have demonstrated a small but significant therapeutic 
benefit from ELND for patients with CS-I melanomas of 
an intermediate Clark level® or Breslow thickness.’ Fur- 
thermore, the survival rates following ELND average 27% 
higher for patients with clinically occult metastases than 
for patients who are treated by therapeutic LND for clin- 
ically detectable disease*’’ (Table 1). This improved sur- 
vival is presumably due to resection of metastatic disease 
at an early point in its natural history while it is still con- 
fined to the lymphatic basin. Despite this apparent ben- 
efit of ELND, two randomized clinical trials did not 
demonstrate a statistically significant overall survival ad- 
vantage from ELND when the entire group of patients 
with CS-I cutaneous melanoma underwent ELND.'*"° 
However, data from the randomized World Health Orga- 
nization trial (commonly cited as evidence against ELND) 
indicate that patients with intermediate-level melanoma 
of the extremities who underwent ELND had survival 
rates approximately 11% higher than patients who un- 
derwent delayed therapeutic lymphadenectomy.'””” This 
difference was not statistically significant because of the 
small number of patients in this subset of the trial. 
Biostatistical considerations require that large numbers of 
patients be studied to test the null hypothesis.'**° The 
American Cooperative Groups and the World Health Or- 
ganization Melanoma Group” are conducting two large 
randomized trials for melanomas of intermediate thick- 
ness. Unfortunately, the results of these trials will be un- 
available for many years because they require long-term 
follow-up. Even if the results demonstrate a benefit from 
ELND in the group as a whole, clearly some individual 
patients without lymph node metastases will still undergo 
unnecessary procedures. 

A method is needed to identify, within the total popu- 
lation of patients with CS-I melanoma, those who have 
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‘Table 1.—Survivel of Patients With Regional Node 
Metastases on Pathological Examination in Relation to 
clinical Status of Regional Nodes, Long-term Survival* 


CS-1, CS-Il, 
% % 










Difference, 
% 









Mc Neer and Das Gupta," 1964 
Cohen et al,” 1977 55 38 17 








Das Gupta,’ 1977 69 20t 49 
Balch et al,’ 1981 48 24 24 
Callery et al, 1982 48 36 12 
Roses et al,"? 1985 H 20 24 
Average 53 





*All data are for 5-year survival rates, except in Cohen et al, which 
are 10-year results. CS- indicates clinical stage |: regional lymph 
nodes not palpable or suspicious; CS-II, clinical stage Il: regional 
lymph nodes enlarged ty palpation and suspicious for metastases. 

tPatients with Clark’s levels Ill and IV. 


nodal metastases, because they are the ones who are most 
likely to benefit from ELND. In 1977, we introduced cu- 
taneous lymphoscinzigraphy”'™ as a method for identify- 
ing the regional lymph basin of primary drainage for 
melanomas located in ambiguous sites, such as the mid- 
line of the trunk or the shoulder. We hypothesized that 
new operative techniques developed for identifying the 
lymphatic drainage path from the site of the primary 
melanoma to the individual lymph nodes within the lym- 
phatic basin might indicate the nodes most likely to con- 
tain metastatic melanoma. This report describes the tech- 
nical details of an operative procedure for intraoperative 
mapping of the regional lymphatics and selective lym- 
phadenectomy. It also illustrates the procedure’s high 
degree of accuracy im identifying those patients who have 
early metastases in the regional lymph nodes and its use 
for in continuity lymphadenectomy. Intraoperative map- 
ping permits selective identification and removal of the 
sentinel lymph nodes and their intraoperative evaluation 
by frozen section and rapid immunohistochemistry, al- 
lowing accurate pathological staging during the opera- 
tion. Thus, with a minor procedure, surgeons can, for the 
first time, identify those patients who have metastatic 
nodal disease and who are most likely to benefit from 
LND, thereby avoid:ng in patients who do not have nodal 
metastases the morbidity of radical lymphadenectomy. 


SUBJECTS AND METHODS 
Feline Studies 


Before the initiation of clinical investigations, we conducted 
studies in cats to determine the ideal dyes and technique for 
identifying the regioral lymphatics. In contrast to almost all 
nonprimate laboratory mammals, in which the lymphatic 
drainage is to a singe large lymph node, the cat has three 
inguinal lymph nodes analogous to the multiple lymph nodes 
found in lymphatic Dasins of the neck, axilla, or groin of 
humans. The cat was, therefore, an ideal model to examine 
the hypothesis of site-specific lymphatic drainage of the skin. 
A number of substamces were examined for their potential 
utility as tracking dyes in the lymphatics. These included 
methylene blue (American Regent Laboratory, Shirley, NY), 
isosulfan blue (1% ir aqueous solution; Zenith Parenterals, 
Rosemont, Ill), paten: blue-V (2.5% in aqueous solution con- 
taining 0.6% sodium chloride and 0.05% disodium hydrogen 
phosphate; Laboratoi-e Guerbet, Aulney-Sous-Bois, France), 
Cyalume (American Cyanamid Co, Bound Brook, NJ), and 
fluorescein dye. All substances utilized were known to be 
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nontoxic in vivo and were injected intradermally as provided 
from the supplier. 

The mapping dye (0.25 to 0.5 mL) was carefully injected intra- 
dermally utilizing a 25-gauge tuberculin syringe. Approximately 
5 minutes later (by then the mapping dye had entered the lym- 
phatics), an oblique incision was made in the groin and the skin 
flap opposite the site of injection was raised sharply with a scal- 
pel. The proximal flap was elevated in a similar fashion, taking 
care to be superficial to the lymphatic channels to avoid divid- 
ing them. A superficial LND was subsequently performed by 
taking the inguinal fat pad, starting from the area most distal 
from the dye injection site, and dissecting it off the fascia of the 
anterior abdominal wall and femoral triangle. The orientation of 
the specimen was preserved and the individual lymph nodes 
were isolated and examined for the presence of the dye. 


Patient Studies 


This article describes a consecutive series of 223 patients with 
CS-I melanoma seen at the John Wayne Cancer Institute and 
studied for the regional lymphatic anatomy of their 237 lymph 
basins (some had bilateral node dissections). The series included 
136 male and 87 female patients, whose mean age was 47 years 
(range, 17 to 82 years). The studies were undertaken within the 
guidelines and with the written approval of the UCLA and Jons- 
son Comprehensive Cancer Center Human Subjects Protection 
Committee. The procedure of intraoperative mapping of the re- 
gional lymphatics and selective lymphadenectomy was per- 
formed on these patients between May 1, 1985, and August 1, 
1989. Three surgeons with varying degrees of experience in 
melanoma surgery (D.L.M., J.S.E., and J.H.W.) performed most 
(199) of the consecutive procedures. 


Identification of the Lymphatic Drainage Basin 


Cutaneous lymphoscintigraphy**” with technetium-labeled 
dextran™ was used to identify the areas of primary drainage for 
melanomas located in ambiguous sites, such as the midline of the 
trunk or the shoulders. Fourteen patients in this category had 
cutaneous lymphoscintigraphy. When two areas of drainage 
were identified, we carried out intraoperative mapping of the 
regional lymphatics and searched for a sentinel draining lymph 
node in beth lymph drainage basins. For this reason, we 
performed two lymphadenectomies in each of these 14 patients. 
In analyzing the data, we considered each lymph drainage ba- 
sin separately. Patients who had undergone wide excisions were 
not studied, because our previous data had indicated alterations 
in lymphatic flow in those patients.” 


Operative Technique 


The dyes patent blue-V or isosulfan blue were utilized for in- 
traoperative mapping of the regional lymphatics. After the 
induction of general or local anesthesia, 0.5 to 1 mL of dye was 
injected intradermally with a 25-gauge needle at the site of the 
melanoma; the injections were repeated every 20 minutes dur- 
ing the procedure. If the primary melanoma had been removed 
by excisional biopsy, the intradermal injections were made on 
either side of the incision scar. The injection site was gently 
massaged to promote passage of dye along the lymphatics. Af- 
ter making an incision over the lymph basin that was the site of 
the expected lymphatic drainage, the skin flap closest to the pri- 
mary melanoma was dissected free from the underlying tissues 
and the lymphatic channel from the primary site visually iden- 
tified. By meticulous dissection, the lymphatic channel was fol- 
lowed through the fatty subcutaneous tissue of the lymph basin 
to the draining lymph node(s), which stained blue. In this way, 
the sentinel lymph node could be distinguished from other 
lymph nodes of the lymphatic basin. Careful exploration for 
several centimeters around the sentinel node was carried out to 
identify any additional blue nodes. The sentinel lymph nodes 
were marked with a suture, excised, and sent for frozen-section 
examination. While the examination of the frozen section was 
being performed, after changing gloves and instruments, we 
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Fig 1.— Design of study to compare incidence of metastases in sen- 
tinel nodes identified by intraoperative lymphatic mapping vs inci- 
dence of metastases in nonsentinel nodes removed by “en bloc” 
lymphadenectomy. HE indicates hematoxylin-eosin. 


excised the primary melanoma with radial margins of 3 to 5 cm, 
depending on its depth of invasion.” Following this, after 
changing gloves and instruments again, we carried out an en 
bloc LND of the regional lymph in our standard fashion.*’°” 
The accuracy of the procedure could then be evaluated by com- 
paring the frequency of metastases in the sentinel lymph nodes 
(specimen A) with the incidence of metastases in the lymph 
nodes in the remainder of the lymphadenectomy (specimen B) 
(Fig 1). 


Pathologica! Examination 


Fresh sentinel lymph nodes ‘specimen A) were bisected from 
the hilum to the periphery; one part was immediately processed 
for frozen-section examination by routine hematoxylin-eosin 
staining, and the other part was processed for rapid immuno- 
peroxidase staining. All nodal tissue in specimen A was then 
fixed in 10% formaldehyde solution, embedded in paraffin, and 
sectioned; all lymph nodes were examined by hematoxylin-eosin 
and immunohistochemical staining. Both examinations used 
antibody to $100 protein and the melanoma-reactive monoclonal 
antibody NKI/C3.” Where a lymphadenectomy was performed 
subsequent to removal of specimen A, all nodes in the second 
specimen (specimen B) were searched for tumor using 
hematoxylin-eosin and immunohistological techniques with the 
antibodies to $100 protein, NK1/C3, and HMB45. The incidence 
of metastases in specimens A and B were compared. 

In previous studies of occult melanoma cells in lymph nodes, 
we described the immunoperoxidase technique for paraffin sec- 
tions.” The rapid immunoperoxidase staining procedure used in 
this study is as follows. Frozen sections 4 um thick were cut from 
the center of the lymph node and immediately fixed in 10% 
formaldehyde buffer (pH 7.4) atroom temperature for 5 minutes. 
Then slides were briefly washed by TRIS buffer (pH 7.6) and air 
dried for 1 minute. Rabbit anti-bovine S100 serum (1:50 and 
1:100, made by our laboratories) was applied for 2 minutes. Af- 
ter slides were rinsed by TRIS buffer, goat biotinylated anti- 
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rabbit œG (1:100, Vector Laboratories, Burlingame, Calif) was 
applied for 3 minutes. Slides were then rinsed in TRIS buffer 
again, and horseradish peroxidase-conjugated streptavidin 
(1:100, Zymed Laboratories, South San Francisco, Calif) was ap- 
plied for 2 minutes. After a brief rinse in TRIS buffer, slides were 
immersed in aminoethyl carbazole developer (pH 5.1) at 37°C for 
3 minutes. The slides then were cleansed in running tap water 
and counter-stained with hematoxylin for 1 minute. The slides 
were rimsed a final time and cover glasses were applied. The en- 
tire staming procedure took about 20 minutes. 


RESULTS 
Feline Studies 


These studies are only briefly summarized herein, since 
they will be reported in detail elsewhere. Patent blue-V 
and isesulfan blue produced the best results among the 
substances tested for their accuracy in identifying the re- 
gional lymphatic drainage pattern in cats. These dyes 
proved to have a number of characteristics that were use- 
ful in mapping the regional lymphatics. When injected 
intradermally, they rapidly entered the lymphatics and 
were associated with minimal diffusion into the sur- 
rounding soft tissue. The bright blue coloration of these 
dyes is readily visible and allows easy identification of the 
lymphatic channel. Elevation of skin flaps before the in- 
jection of the tracking dye allowed us to observe the rapid 
uptake and progress of the dye along the lymphatics to- 
ward the sentinel lymph node. Additionally, when en- 
tering the lymph node, the blue dye stains half the node 
a pale blue, which is clearly discernible from the non- 
stained lymph node. In contrast, the other dyes utilized 
in this study proved to be unsatisfactory and were aban- 
doned, largely because of rapid diffusion into the sur- 
rounding tissue and insufficient retention by the lym- 
phatic vessels, leaving insufficient dye to reach and stain 
the sentinel nodes. The fluorescent dyes fluorescein and 
Cyalume were readily seen but required a dark room for 
optima visibility. Additionally, because of their diffusion 
into the surrounding tissue, background fluorescence 
made these agents unacceptable. Methylene blue proved 
to have poor retention by the lymphatics, and thus nodal 
tissues stained faintly. 

In cats, we found that dye injected into each area of skin 
drainec reliably only to the sentinel node and only later 
to lymph nodes further up the lymphatic chain. Intrader- 
mal injection of the dye was critical in achieving satisfac- 
tory results. 


Techn cal Observations Regarding Lymphatic Mapping in 
Patients With Melanoma 


Certain technical aspects regarding the use of the blue 
dyes in the mapping of dermal lymphatics were impor- 
tant. Petent blue-V enabled the best viewing of the drain- 
ing lymphatics and the brightest staining of the sentinel 
nodes, perhaps because this dye was more concentrated 
than isosulfan blue. Injection of the dye intradermally is 
critical because subcutaneous injections may result in the 
rapid passage of dye through apparently distinct and 
separat2, deeper lymphatic channels along veins, bypass- 
ing the nodes draining the dermal plexus. To minimize 
this potential confusion and prevent the extravasation of 
the dye in the subcutaneous tissue, only small volumes of 
dye (0.5 to 1.0 mL) should be injected. In defining the 
lymphatics, extreme caution should be used in the eleva- 
tion of skin flaps, lest lymphatic channels are transected. 
It is preferable to develop skin flaps opposite to the injec- 
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Fig 2.— Intraoperative mapping of regional lymphatic drainage to 
the groin from clinical stage | primary melanoma of the lower back, 
using patent blue-V dye. Note afferent lymphatic channels leading 
to the blue-stained sentinel node. 


tion site to avoid premature disruption of the lymphatic 
channels. The dissection must be performed promptly. 
Otherwise, the dye passes through the primary draining 
lymph on to higher, nonsentinel lymph nodes, allowing 
the color of the sentinel node to fade. To avoid this, the 
injection should be repeated every 20 minutes. To avoid 
the misidentification of a secondary draining node as the 
sentinel node, it is necessary to locate the draining lym- 
phatic channels at the edge of the lymphatic basin near- 
est the primary site and follow them by meticulous 
dissection to the first blue-stained node. 


In Continuity Dissections 


When the primary melanoma was close to the lymph 
basin, an in continuity dissection was performed by care- 
ful dissection of skin from the underlying subcutaneous 
tissue along the plane of the superficial subcutaneous 
fascia, beginning at the edge of the wide excision margin. 
The fine dermal lymphatics coalesce to form only one or 
two major lymphatic trunks, which could be followed to 
their termination in the sentinel nodes of the regional 
node basin (Fig 2). The vital dyes clearly identified the 
lymphatic channels. This gave the surgeon confidence 
that his in continuity procedure was, in fact, removing en 
bloc the lymphatics connecting the primary cutaneous 
sites to the regional sentinel nodes. 


Intraoperative Mapping of Regional Lymphatic Drainage to 
the Sentinel Nodes in Patients With Melanoma 

We hypothesized that primary cutaneous melanomas 
in humans would drain to the sentinel node(s) in the re- 
gional lymphatic basin(s), similar to our observations in 
cats. Based on our previous studies of early metastases in 
humans,” we also hypothesized that these nodes would 
be the most likely site of early metastasis. Overall, at least 
one sentinel node was identified in 194 of 237 lym- 
phadenectomy specimens, or 82% of the total series (Fig 
1). In most cases (72%), only one sentinel lymph node 
drained a particular primary melanoma. We found two 
sentinel nodes in 20% of lymphadenectomy specimens; 
only 8% of the specimens contained three or more senti- 
nel nodes (Fig 3). Our highest success rate in identifying 
the drainage basins was with lesions on the trunk or leg 
that drained to the groin nodes (Fig 4); we could identify 
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Fig 3.— Percentage of sentinel nodes in 194 specimens. 
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Fig 4.— Relationship between anatomical location of lymph basin 
and successful identification of sentinel lymph nodes by intraoper- 
ative lymphatic mapping. 


the sentinel node in 89% of these specimens. Overall, no 
statistically significant difference was noted between the 
frequency of successful identification of sentinel nodes of 
the groin and those of the axilla (78%) and neck (81%; 
x’ =3.73, P>.15). A sentinel lymph node was least often 
identified for primary lesions of the upper extremity, ei- 
ther on the arm draining to the axilla (68%) or the shoul- 
der draining to the neck (67%), but, again, the differences 
were statistically barely significant compared with other 
primary sites (x?=9.59, P<.05). Thus, the technique was 
useful for mapping the regional lymphatic anatomy and 
identifying the sentinel node for all sites of primary mel- 
anoma. 


Surgeon’s Learning Curve 


Three surgeons performed at least 36 operations and a 
total of 199 (84%) of the 237 procedures. The number of 
procedures performed by each surgeon was as follows: 
surgeon A (D.L.M.), 117 procedures; surgeon B (J.S.E.), 
46 procedures; and surgeon C (J.H.N.), 36 procedures. To 
evaluate the effect of increasing operative experience on 
the surgeon’s success in identifying the sentinel node, we 
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Fig 5.— Relationship between the number of procedures performed 
by each surgeon (A [D.L.M.], n=117; B [J.S.E.], n=46; C [J.H.W.], 
n=36) and the success in identifying sentinel node by intraopera- 
tive lymphatic mapping, comparing initial experience (tinted bars) 
with the most recent experience (darker shaded bars). 


divided each surgeon’s cases in half, so that we could 
compare his more recent experience with his early expe- 
rience. The results, summarized in Fig 5, indicate that 
each surgeon was able to improve his technical skill in 
identifying the sentinel node as he gained more experi- 
ence. Furthermore, in recent cases, the surgeon who has 
performed the most procedures achieved a high success 
rate of 96%, and the surgeon with the least experience had 
the lowest rate of success, 72% (x*=9.93, P<.01). As 
might be expected with any technical skill, experience is 
important in the mastery of this technique. It is clear that 
substantial experience is required to develop the techni- 
cal skill necessary to achieve a high success rate with this 
operation. 


Incidence of Micrometastases in the Lymph Nodes of 
Patients With CS-I Melanoma 


We identified the sentinel node in 194 (82%) of 237 
lymphadenectomy specimens. Metastases were noted in 
at least one node in 40 (21%) of these specimens. 
Twenty-three (12%) of these metastases were detected in 
routine sections stained conventionally by hematoxylin- 
eosin and confirmed immunohistologically. In 17 in- 
stances (9%), metastatic tumor cells were detected only in 
sections stained by immunohistochemical techniques. 
This confirms our previous reports’ that immunohis- 
tochemical staining detects a higher frequency of lymph 
node metastases than does examination of conventional 
material. 

As we previously reported,” the incidence of mi- 
crometastases in the regional nodes increases with the 
level and thickness of the primary lesion. In this study (Fig 
6), the overall incidence of metastases in patients with le- 
sions less than 1.50 mm thick (9.8%) was significantly less 
than in those with lesions greater than 1.50 mm thick 
(36.9%; x?=19.16, P<.001). Metastases were found in one 
of every 4.85 procedures in the entire series; the incidence 
of metastases was one of 2.73 procedures when the 
lesions were thicker than 1.50 mm but only one of every 
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Fig 6.—/rcidence of metastases in clinical stage | melanoma found 
by examination of 194 lymphadenectomy specimens. Metastases 
were found in 20.6% of specimens by either hematoxylin-eosin or 
immunorkistochemical staining. Primary lesions less than 1.5 mm 
had 9.8% metastases, whereas 36.6% of those thicker than 1.50 mm 
were positive. 


10.2 procedures when the lesions were thinner than 
1.50 mm. 


incidence of Metastases in Sentinel Draining 
Lymph Nodes Compared With That in Secondary 
Nondraining Lymph Nodes 


Table 2 gives the incidence of metastases in the senti- 
nel draining nodes of 194 lymphadenectomy specimens in 
which a sentinel node was identified. The table compares 
this with the incidence of metastases in nonsentinel nodes 
that were determined by dye lymphography to be outside 
the initial nodal drainage pattern. Twenty-five specimens 
(63%) had one node that contained micrometastases; 10 
specimens (25%) had two nodes with metastases; and five 
specimens (12%) had three tumor-positive nodes (data 
not shown). 

Two hundred fifty-nine nodes in the 194 lymphadenec- 
tomy specimens (1.34 sentinel nodes per specimen) 
stained blue and were regarded as sentinel nodes. Forty- 
seven (18%) of these sentinel nodes contained microme- 
tastases. Only two (0.06%) of 3079 nonsentinel lymph 
nodes from 194 lymphadenectomy specimens were the 
exclusive site of metastases, a false-negative rate of 1%. 
These two instances occurred early in our experience, be- 
fore we learned that the dye passes rapidly to the senti- 
nel node and then on to secondary nodes. We later cor- 
rected «his problem by periodically repeating the dye 
injections during the operation. It is rare for skip me- 
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No.(%) 


Analysis on basis of lymphadenectomies 


Total No. of lymphadenectomies 237 (100) 


Lymphadenectomies with identified sentinel 


node 194 (82) 
Lymphadenectomies with tumor in nodes 40 (21) 
Lymphadenectomies with tumor in sentinel 

nodes 38 (20) 
Lymphadenectomies with tumor in 

nonsentinel nodes 2 (<1) 

Analysis on basis of lymph nodes 
Total lymph nodes 3338 (100) 
Total sentinel lymph nodes 259 (8) 
Total sentinel lymph nodes with tumor 47 (18) 
Total nonsentinel lymph nodes 3079 (92) 
Total nonsentinel lymph nodes with tumor 2 (<0.1) 





tastases to bypass the sentinel lymph node. The results 
confirm our hypothesis that when cutaneous melanoma 
metastasizes via the lymphatics, initially it almost exclu- 
sively involves the sentinel nodes of the regional lym- 
phatic basin. 


Concordance Between the Identification of Metastatic 
Melanoma in Frozen and Immunochemical Material 
Examined Intraoperatively and Permanent Preparations 


Exact concordance between the evaluation of the intra- 
operative and permarent preparations was achieved in 
186 (96%) of 194 specimens (Table 3). In 30 patients, tu- 
mor cells were identified intraoperatively and confirmed 
in the permanent preparations. No false-positive report 
was issued on a frozen section. In 156 patients, tumor cells 
were identified neither intraoperatively nor in the final 
preparations. In 10 patients, tumor was not identified in- 
traoperatively but was present in the permanent sections. 
In eight cases this was due to tumor cells being present in 
the sentinel nodes but not identified on frozen section. 
Such errors usually were the result of the presence of too 
few tumor cells, the failure of tumor cells to stain because 
of the antibodies employed, or because of insufficient 
sampling of the nodal tissues at the time of the prepara- 
tion of the intraoperative frozen section. In an additional 
two cases discussed previously, tumor cells were outside 
the sentinel nodes. 


Complications of the Procedure 


Complications associated with the use of dye for intra- 
operative mapping were infrequent and of little signifi- 
cance. All patients reported the presence of dye in their 
urine during the first 24 hours following the procedure, 
and two patients had faint retention of blue dye at the site 
of the primary injection in the early months following the 
procedure. No instances of hypersensitivity reactions 
were encountered. The incidence of postoperative com- 
plications was similar to our previous experience. The in- 
cidence was as follows: wound-edge necrosis, 4%; se- 
roma, 5.5%; and infection, 4.8%. 


COMMENT 


Before this study, two alternatives existed in the man- 
agement of the lymph nodes in CS-I cutaneous mela- 
noma. Some surgeons advocated ELND on all patients 
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Table 3.—Frequency of Concordance/Discordance 
Between Interpretation of Intraoperative Frozen 
Sections and Permanent Preparations 










Tumer in Tumor in 
Frozen Permanent No/ 
Sections* Preparations Total (%) 











+ — 0/30 (0) 
+ + 30/30 (100) 
154/164 (94) 


10/164 (6) 


*Tumor detected either by conventional examination of slides 
stained by hematoxylin-eosin or by immunohistological study us- 
ing antibodies to S100 protein or the melanoma-associated 
epitopes, HMB45 or NKI/C3 


with CS-I disease with primary melanomas regarded as 
potentially metastatic, basing this judgment on a partic- 
ular depth or thickness of the primary tumor; others ad- 
vocated a watch-and-wait philosophy, in which patients 
are followed up every 3 months for a prolonged period 
and undergo therapeutic lymph node dissection only if 
they show evidence of clinical involvement of the regional 
nodes. Unfortunately, this latter philosophy may permit 
the spread of tumor to multiple nodes before their clini- 
cal detection, with a substantial drop in the long-term 
survival of patients who undergo therapeutic lymph node 
dissection at this time. In most series, the 5-year survival 
for patients with multiple involved and clinically enlarged 
nodes after lymphadenectomy is only 15% to 25% 82127 
whereas the survival of subsets of patients with one or 
two microscopically involved nodes after lymphadenec- 
tomy is as high as 80%.*"*® Although these differences ap- 
pear large, the probable therapeutic benefit of ELND in 
patients with CS-I disease is actually more limited (Table 
1), because some patients have subclinical distant he- 
matogenous metastases in addition to nodal metastases. 

This study provides an alternative technique for the 
management of CS-I melanoma. En bloc resection of the 
regional lymph node drainage basin is reserved for those 
patients in whom metastases in the regional nodes are 
proved by intraoperative mapping and selective lym- 
phadenectomy; these patients can therefore potentially 
derive benefit from removal of the nodes. Using this ap- 
proach, the almost 80% of patients with CS-I melanoma, 
who have no tumor in the nodes and who are thus 
unlikely to benefit from en bloc LND, can avoid the mor- 
bidity and expense associated with it. 

This technique of intraoperative mapping should be 
equally useful for patients with palpable regional nodes 
that are clinically suspicious. Most investigators have 
found that 15% to 20% of these patients with CS-II disease 
have false-positive clinical findings, no melanoma cells 
being found on pathological study of the nodes after 
LND.**! Our technique prevents unnecessary LND in 
patients whose draining sentinel nodes contain no me- 
tastases. 

Potentially, intraoperative mapping can be modified for 
use with other cutaneous neoplasms, which metastasize 
to lymph nodes. We have found the technique useful for 
identifying the sentinel lymph node(s) for melanoma and 
squamous cell carcinoma of the vulva and penis. 

There may be patients who have micrometastases that 
are undetected even by sensitive immunohistochemical 
techniques and who are still classified incorrectly as tumor 
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Fig 7.—Present management of clinical stage | melanoma by intra- 
operative lymphatic mapping and selective lymphadenectomy. HE 
indicates hematoxylin-eosin. 


free. This is unlikely to be a frequent occurrence, how- 
ever, because in this study (Fig 6) the incidence of lymph 
node metastases in patients with CS-I melanoma with le- 
sions thicker than 1.5 mm detected by sensitive immuno- 
histological techniques (36.6%) approximates the propor- 
tion of patients in the World Health Organization study 
who had intermediate-thickness melanomas and subse- 
quently showed clinically positive nodes requiring de- 
layed therapeutic lymph node dissection.’ Furthermore, 
examination of serial sections of melanoma-drainage 
nodes by immunohistochemistry did not increase the fre- 
quency of detecting micrometastases.” 

Nevertheless, removal of the sentinel node(s) could 
benefit the rare patient in whom micrometastases were 
present but undetected by the pathologist. Our studies of 
the incidence of early metastases in sentinel and nonsen- 
tinel nodes show that the patient who has only a few 
metastatic melanoma cells in a node is most likely to have 
those micrometastases in the sentinel lymph nodes drain- 
ing the cutaneous melanoma. Of those patients with 
nodal metastases, 62.5% had only one node with mi- 
crometastases. The involved node was almost always the 
sentinel node. This confirms the ability of this technique 
to detect early metastasis and demonstrates that even if an 
occasional melanoma cell is missed by the pathologist, the 
removal of the sentinel node(s) is likely to be beneficial. 

Our current management of CS-I cutaneous melanoma 
is outlined in Fig 7. Patients are considered for intraoper- 
ative mapping of lymphatic drainage and selective lym- 
phadenectomy if they have invasive melanomas of 
known depth or have thinner melanomas in which the 
depth of the primary lesion cannot be determined, either 
because a shave biopsy did not completely excise the le- 
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Fig 8.—/nfluence of the surgeon’s success rate in identifying the 
sentinel node by intraoperative lymphatic mapping and usefulness 
of the procedure in staging melanoma as a means of avoiding un- 
necessary en bloc lymphadenectomy. Open bars indicate routine 
elective lymph node dissection on all cases; lighter shaded bars, 
success rate of 61%; and darker shaded bars, success rate of 96%. 


sion or because there is significant regression present in 
the primary melanoma.” If there is a possibility of an 
ambiguous lymph drainage pattern, the patients undergo 
cutaneous lymphoscintigraphy according to our previ- 
ously described method using technetium-labeled 
dextran.” Intraoperative mapping of the cutaneous 
lymphatics with vital dye is carried out at the time of sur- 
gical removal of the primary lesion to determine the sen- 
tinel draining lymph node of each primary melanoma. 
The sentinel nodes are examined by frozen section using 
routine hematoxylin-eosin histopathological technique as 
well as rapid immunohistochemical techniques; those 
patients who have evidence of micrometastases in the 
sentinel draining node are then subjected to (en bloc) 
LND. If the sentinel nodes cannot be identified, an en bloc 
lymphadenectomy is also performed. If no tumor cells are 
observed intraoperatively, the operation is terminated. If 
this negative evaluation is confirmed by histological and 
immunohistological study of the permanent material, the 
patient is followed up. On the rare occasion when tumor 
is found in permanent material, a second-stage therapeu- 
tic lymph node dissection can be done. 

The general applicability of this technique to commu- 
nity practice outside a regional melanoma center, such as 
the John Wayne Cancer Institute, where 400 new patients 
with cutaneous melanoma are evaluated each year, is 
worthy of discussion. Results of this study clearly indicate 
that, as with any surgical procedure, the greater the sur- 
geon’s experience, the more successful he or she will be 
in identifying the regional lymphatic anatomy. Success in 
identifying the sentinel lymph node was greatest in the 
most recent series of cases for each surgeon and highest 
for the surgeon who had performed the most procedures 
(Fig 5). As clearly expressed in Fig 8, the volume of expe- 
rience has a dramatic effect on the number of unnecessary 
LNDs performed. Assuming an ELND was performed in 
every case in which the sentinel draining node could not 
be identified and in all cases found to contain metastases 
by hematoxylin-eosin or immunohistochemical staining, 
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the most experienced surgeon (who had a success rate of 
96% in finding the sentinel node) would have done 
unnecessary ELND’s in only 3% of his most recent 
patients, whereas th2 least experienced surgeon (who had 
a success rate in finding sentinel nodes of only 61%) 
would have performed unnecessary en bloc ELND in 31% 
of his earliest patierts, a 10-fold difference. The learning 
curve for this procecure is not steep; however, an accept- 
able level of technical skill probably requires successful 
experience with 60 or more cases in which the sentinel 
nodes are identified. It is appropriate that the patient re- 
ceive a standard en bloc lymphadenectomy in this early 
stage of application af selective lymphadenectomy. After 
mastery of the techrique, the frequency is low of patients 
in whom early metastases are missed intraoperatively and 
found in permanent material. We consider that it is pos- 
sible to evaluate tae sentinel nodes intraoperatively, 
though it takes a litte time and experience to do this with 
confidence. While standard frozen-section evaluation of 
hematoxylin-eosin—stained material will identify most 
positive nodes, the se of simultaneous immunostaining 
identifies a number of nodes with tumor cells that are oc- 
cult on conventional assessment sufficient enough for us 
to consider the extra labor of this approach to be worth- 
while. There are cases where tumor cells are not identified 
in the intraoperative material but are present in the per- 
manent preparations, but the number of such false- 
negative results is small (0.06% of the present series). 
Such errors arise because the number of tumor cells 
present is small; because some melanoma cells stain 
weakly for S100 prozein or the epitopes HMB45 and NKI/ 
C3; as a result of insufficient sampling of the nodal tissues; 
or from attempts tc interpret preparations that are sub- 
optimal in quality (asually too thick). We intend to con- 
tinue our attempts to assess the tumor status of the sen- 
tinel nodes intracperatively to treat most patients 
definitively at a single operation. However, a less desir- 
able but acceptable alternative would be to identify and 
remove the sentinel modes at one procedure, evaluate the 
nodal tissues by standard and immunohistochemical ap- 
proaches, and undertake, as a second procedure, a total 
lymphadenectomy im those patients found to have tumor- 
positive nodes. 

The technique of selective lymphadenectomy is pre- 
sented as a rational and practical technical alternative to 
ELND or wait-and-watch treatment of patients with CS-I 
melanoma. 
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Original Article 


Twelve Hundred Open Cholecystectomies 
Before the Laparoscopic Era 


A Standard for Comparison 


Leon Morgenstern, MD; Linda Wong, MD; George Berci, MD 


@ Records of 1200 consecutive open cholecystectomies, 
performed by a teaching service of a large, urban hospital 
in the years immediately preceding the laparoscopic era, 
were reviewed for morbidity and mortality rates. The mor- 
tality rate in this series was 1.8%, chiefly in the older age 
groups. Only two ductal injuries were incurred. A review of 
published series from 1952 through 1990 revealed a mean 
mortality rate of 1.53%. These recent observations on the 
morbidity and mortality after open operation should pro- 
vide a useful standard of comparison with ongoing similar 
studies of laparoscopic cholecystectomy. 
(Arch Surg. 1992;127:400-403) 


tan than 100 years has elapsed since Hans Kehr' popu- 
larized cholecystectomy, first performed by Carl 
Langenbuch in 1882.* In the interim, millions of cholecys- 
tectomies have been performed, with constant refine- 
ments in diagnosis, operative technique, and postopera- 
tive results. By the beginning of the last decade, it 
appeared that the operation had become a standardized 
model of a surgical procedure in terms of an acceptably 
low postoperative morbidity and mortality. This placid era 
ended with the advent of the “endoscopic revolution.” 
Laparoscopic cholecystectomy began its meteoric rise in 
popularity in 1989. Since then, it has all but replaced open 
cholecystectomy in many general hospitals as the opera- 
tion of choice for the majority of cases of chronic chole- 
cystitis. In some centers, it is also frequently used in pa- 
tients with acute cholecystitis and choledocholithiasis. 
Yet, the new technique must be carefully compared 
with the “old” method. What are the comparative rates of 
morbidity and mortality related to these procedures? Is 
there a difference in the nature of operative complications 
and postoperative problems? How valid are the compar- 
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isons? These and many more questions must be answered 
before the new procedure is unconditionally accepted and 
the old procedure unjustifiably abandoned. 

We retrospectively reviewed 1200 consecutive cases of 
cholecystectomy performed by the surgical teaching ser- 
vice of a large, general hospital immediately before the 
“laparoscopic era.” Now, the number of laparoscopic 
cholecystectomies in the same hospital exceeds that of 
open operations by a ratio of 10:1. Insufficient numbers of 
laparoscopic procedures to date (n= 635) do not permit a 
valid comparison with open cholecystectomy within the 
same institution by the same surgeons. Such a compari- 
son will be the subject of a future study. 


MATERIALS AND METHODS 


Twelve hundred consecutive open cholecystectomies were per- 
formed by the surgical teaching service of Cedars-Sinai Medical 
Center (Los Angeles, Calif), an 1120-bed general hospital, over a pe- 
riod of 6% years, from the beginning of 1982 through mid-1988. The 
operations were performed by approximately 20 surgeons assigned 
to the teaching service, with a team of surgical residents. 

Intraeperative cholangiography was performed in more than 
95% of cases, and choledochoscopy was performed in all ductal 
explorations. The techniques of operative fluorocholangiogra- 
phy’ and television choledochoscopy* have been described pre- 
viously. Of the 1200 biliary operations, 220 (18.3%) required 
common bile duct (CBD) exploration. 

All operations performed by the surgical teaching service and 
the complications that develop (even the death of a patient) are 
compiled and published weekly for review. These reports, from 
which our statistics are culled, form the basis of this report. The 
charts ef patients in whom a complication or death occurred 
were retrieved for more careful analysis. 


RESULTS 


Patients ranged in age from 3 to 96 years (mean age, 56.4 
years). Females predominated by a ratio of 1.5:1. Thirty- 
eight percent of patients were between ages 60 and 80 
years (Fig 1). 

Cholecystectomy was primarily performed for acute or 
chronic cholecystitis, although rare causes also included 
trauma and neoplasms. 


Morbidity 


Only those complications that were considered related 
to the operative procedure were included in this study. 
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Fig 1.—Patient distribution by age. 


The complications are listed in Table 1. The most frequent 
complication was the retained CBD stone, which occurred 
in 10 patients. In four patients, the cholangiogram was 
negative for CBD stones, only to show abnormalities for 
stones on subsequent T-tube cholangiography. In three 
other patients, the cholangiogram was considered equiv- 
ocal on retrospective review, and the retained stone was 
revealed on the postoperative T-tube study. In two 
patients with retained stones, cholangiography had not 
been performed because of severe inflammatory involve- 
ment of the cystic duct, precluding safe cholangiography. 
In one case, several unsuccessful attempts were made to 
retrieve a known stene, then abandoned because of the 
patient’s general condition. 

Wound problems eccurred in nine patients and included 
seven wound infections, one seroma, and one dehiscence. 
In three of the seven patients with wound infection, the 
pathologic diagnosis was gangrenous cholecystitis. 

Biliary fistula occurred in seven patients. Of these, sur- 
geons had difficulty in ligating what appeared to be a ne- 
crotic or gangrenous cystic duct in three patients; in an- 
other, an anomalous location behind the CBD made the 
cystic duct difficult to identify. One patient, given chronic 
steroid therapy, developed bile peritonitis following 
T-tube removal on the 24th postoperative day. This patient 
eventually required reexploration. In the remaining three 
patients, the source of biliary drainage was never deter- 
mined. All of these biliary fistulas closed spontaneously. 

Pancreatitis occurred in four patients, none of whom had 
serious sequelae. In this series, the pancreatitis appeared to 
be mild, with elevated amylase values and moderate symp- 
toms, delaying hospital discharge by 1 or 2 weeks. 

Bleeding was a complication of the cholecystectomy in 
four patients. In one, there was excessive blood loss dur- 
ing operation (2000 mL). The remaining three patients re- 
quired reexploration in the immediate postoperative pe- 
riod. In one, the hemeclip had transected the cystic artery. 
In another, the bleeding originated from the drain site, 
and in the third, no bleeding site could be identified de- 
spite a 2000-mL blood loss. 

The remaining complications included pneumonia 
(n=4), cardiac problems (n= 2), deep venous thrombosis 
(n=2), pulmonary embolus (n=2), and ductal injuries 
(n=2). Both ductal injuries were to the hepatic ducts. In 
the first, an anomalous right hepatic duct was mistaken 
for the cystic duct end cannulated for cholangiography. 


Arch Surg—Vol 127, Apr | 1992 






Table 1.—Complications of Cholecystectomy 
in 56 Patients 


Biliary 















-à 


PEKNA SN OO 


Retained common bile duct stone 
Wourd problem 
Bile/fistula leak 
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Table 2.—Complications of Common Bile Duct 
Exploration in 18 Patients 
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The resultant damage to the right hepatic duct was 
repaired and recovery was uneventful. In the second, 
operative injury occurred high in the region of the hepatic 
duct bifurcation, requiring hepaticojejunostomy. This 
patient subsequently died. 

Miscellaneous complications related to laparotomy 
were low in incidence (Table 1). Of the 220 patients who 
underwent CBD exploration, 151 were older than 60 years. 
There were nine deaths in this age group, representing a 
mortality rate of 4.1%. The complications in this subgroup 
of patients included wound sepsis, a dislodged T tube, and 
a bile leak. The complications are listed in Table 2. 


Mortality 


There were 22 deaths, representing a mortality rate of 
1.8%, primarily in the older age groups. Deaths occurred 
in patients aged 66 to 96 years, with a mean age of 80.5 
years (Fig 2). The most common cause of death was sep- 
sis (eight cases), often terminating in multisystem organ 
failure. Five deaths resulted from severe cardiac compli- 
cations, usually in the seriously ill patient with previous 
cardiovascular problems. Four patients suffered respira- 
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Fig 2.—Morbidity and mortality rates by age. 


tory failure. Three patients succumbed to blood loss not 
proven directly related to the cholecystectomy: one from 
a massive gastrointestinal bleed; one from an intra- 
abdominal hemorrhage 14 days after surgery, the source 
of which could not be determined; and one from uncon- 
trollable hemolysis due to an autoimmune hemolytic ane- 
mia. Acute renal failure was the cause of death in one pa- 
tient. One of the deaths occurred in a patient with a high 
ductal injury referred to previously as a complication. 


Length of Stay and Hospital Costs 


Information on these aspects of biliary tract operations 
was not directly available. However, the experience of the 
senior author (L.M.) with his patients and as director of 
the surgical teaching service was as follows: the mean 
length of hospital stay for the uncomplicated cholecys- 
tectomy was 5 to 7 days. If cnoledochotomy was also per- 
formed, the mean length of stay was 10 days, unless a 
complication supervened. The approximate cost for hos- 
pitalization, excluding medical fees, was approximately 
$6000 for a cholecystectomy and $10000 for a cholecys- 
tectomy with choledochotamy. Complications doubled 
the length of stay for the average patient, and some of the 
most severely ill patients were hospitalized for weeks. 


COMMENT 


There is no dearth of previous reports describing mor- 
bidity and mortality in biliary tract surgery. Up to 1932, 
Heuer,’ in an analysis of 21 studies involving 35373 
patients, reported a mortality rate of 6.6%. The turning 
point in lowered mortality appeared to take place in the 
1950s. From that point on, beginning with the landmark 
report by Glenn and Hays in 1952,° reporting a mortality 
rate of 1.8% in 3439 patients, the mortality has remained 
relatively constant between 1.5% and 2.0%. In a compila- 
tion of 17 studies’* of 58 537 cholecystectomies, the over- 
all mean was 1.53%. The majority of these studies ema- 
nated from academic centers or large hospital centers. The 
mortality rate in this series falls within the same range. 

In agreement with previous studies, this study con- 
firms the finding that CBD exploration is associated with 
a doubling or tripling of the mortality rate. This probably 
is a reflection of the severity of illness leading to ductal 
exploration, age, and concomitant disease, rather than 
factors associated with the operation itself. 

The broad spectrum of postoperative complications in 
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this series differs little from that reported in numerous 
other large series of biliary tract operations. Due to major 
advances in instrumentation and imaging techniques, the 
incidence of retained stones dropped sharply from the 
previously reported figure of 10%. In our institution, we 
believe that routine operative cholangiography, television 
fluorocholangiography, and television choledochoscopy 
have reduced the incidence of retained stones below the 
mean, to 0.8%. This figure could also have been smaller 
if it were not for errors in interpretation. Given the nature 
of human error, however, a figure below 1% probably 
represents an irreducible minimum. 

Our wound infection rate of 0.6% is within the accept- 
able norm for laparotomies in general and clean, contam- 
inated wounds in particular. It is not our practice to ad- 
minister prophylactic antibiotic therapy to patients before 
biliary surgery unless there is clear evidence of acute 
cholecystitis or cholangitis. 

Biliary fistula following cholecystectomy occurred in 
0.6% of our patients. Although a disconcerting postoper- 
ative finding, most biliary fistulas occurring following 
cholecystectomy close spontaneously unless there has 
been major duct injury. Spontaneous closure occurred in 
all of our patients with biliary fistula, except for the patient 
in whom a major leak occurred following removal of the 
T tube. Opinion and practice vary among our surgeons in 
the teaching service regarding the necessity of a sinogram 
in all instances of biliary fistula. 

The incidence of bleeding was low, albeit probably re- 
lated to technical error. In one instance, there was a fatal- 
ity due to late intra-abdominal bleeding in the postoper- 
ative period, not proven related to the cholecystectomy. 

Pancreatitis, when it occurred in our series (0.3%), was 
mild and resulted only in increased length of hospital 
stay, without serious sequelae. In some reports, such as 
that of Boquist and colleagues,” postoperative pancreati- 
tis was the leading cause of postoperative death, occur- 
ring in 16 of 3257 patients undergoing cholecystectomy. 

The two ductal injuries in our series is admittedly too 
many, since zero is the only acceptable incidence. In both 
instances, ductal injury was due to technical error. Char- 
acteristically, in the right hepatic ductal injury, the proce- 
dure seemed technically simple with excellently dis- 
played, thin-walled ducts; the anomaly that led to the 
injury should have been recognized. Fortunately, routine 
operative cholangiography revealed the error before seri- 
ous damage was done. The second, a high ductal injury, 
was responsible for the unnecessary postoperative death 
in a nonagenarian with acute cholecystitis. 

The remainder of the complications listed in Table 1 are not 
peculiar to biliary tract surgery and are related to systemic 
factors, open laparotomy, or technical error outside the bil- 
lary tract. 

This study confirms the low incidence of postoperative 
morbidity and mortality after open biliary tract surgery for 
benign disease. It is significant only insofar as it was per- 
formed in one institution just before the advent of the lap- 
aroscopic revolution. It will provide a standard of compar- 
ison between the open and closed procedures (laparo- 
scopic cholecystectomy) once a sufficient number of the 
latter have been accumulated to make such a comparison. 

Prospective data are now being accumulated on all lap- 
aroscopic biliary procedures in our institution and will 
soon provide a database for comparative study of the 
open vs the laparoscopic approach. Whereas early in the 
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laparoscopic series, there was some degree of selectivity 
that might invalidate direct comparison, as experience has 
grown, nearly all cholecystectomies are performed lap- 
aroscopically, including those for acute, gangrenous, and 
even perforated cholecystitis. It is also done in all age 
groups, in patients at high risk from medical conditions, 
and in patients with common duct stones. The laparo- 
scopic approach has virtually replaced the open method 
as described in this report, involving the same surgeons 
at the same institu-ion with an unchanged patient mix. 
We, therefore, believe that a valid comparison will permit 
identification of and emphasis on the nature of complica- 
tions with the laparoscopic approach. 

One clear advan-age of laparoscopic cholecystectomy 
has been the decreased length of hospital stay and the 
consequent reduction in hospital-related costs. Another 
clear advantage has been the reduction in postoperative 
discomfort and wound-related problems, allowing early 
return to normal acivity and occupation. However, com- 
plications unique te the laparoscopic approach relating to 
the induction of tre pneumoperitoneum, modes of he- 
mostasis, ductal dssection, and treatment of common 
duct stones require discussion and study. 

If open cholecystectomy provides us with a “gold stan- 
dard” based on long experience, any valid comparison 
between the two methods will have to be based on metic- 
ulous, controlled, anc accurate universal reporting of all 
complications with the laparoscopic method. Such stud- 
ies will be eagerly awaited and should make the revolu- 
tionary endoscopic.approach to biliary surgery even more 
secure in the surgical armamentarium. 


The authors express their appreciation to Diana Lugo, RN, for her as- 
sistance in collating the data; to Steven Rose for bibliographic and sta- 
tistical assistance; and to Barbe Stucker for manuscript preparation. 
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This report confimms that the mortality and morbidity rates 
of open cholecystectomy are low in a large, urban hospital 
with an excellent medical staff. Unfortunately, the study is 
retrospective and only deaths and complications compiled for 
a weekly review were captured. Patients were not followed 
up for a specified period after the surgical procedure, which, 
for at least one complication (retained or overlooked stones), 
should be at least 2 years. Retrospective reviews tend to un- 
derestimate morbicity. 

The authors reccgnize the limitations of their study and 
point out that the safety and efficacy of endoscopic tech- 
niques for the treatment of biliary tract problems must be 
meticulously studied in a prospective manner. Most surgeons 
would agree, but unfortunately the toothpaste is already out 
of the tube. The sh-ft from open to laparoscopic cholecystec- 
tomy has not been che result of carefully planned and 
executed prospective trials designed to protect our patients; 
instead, in a free-market economy, patients wanted a treat- 
ment having less pain, little or no hospitalization, a rapid re- 
turn to life as usua , and virtually no scar. Manufacturers of 
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laparoscopic surgical equipment marketed the procedure to 
both physicians and patients. 

In responding, we exposed some of our warts: we have an 
inadequate system for the hands-on training of general sur- 
geons in new techniques. We have no requirement to 
prospectively gather mortality and morbidity data for a new 
procedure so that surgeons and patients can be adequately 
informed about risks and results. Our system of reporting 
results leads to bias and erroneous conclusions because seri- 
ous complications and bad results are not always reported. 
These are not new problems, but they have been highlighted 
by the emergence of laparoscopic surgery and they need to- 
be addressed. The article by Morgenstern and colleagues 
provides one standard against which we can evaluate lap- 
aroscopic cholecystectomy and the family of procedures be- 
ing developed for the treatment of bile duct calculi. We 
should make those comparisons carefully. 

DAvID L. NAHRWOLD, MD 
CHICAGO, ILL 
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Decreased Wound Contraction 
With Fibrin Glue—Treated Skin Grafts 


David M. Brown, MD; Bruce R. Barton, MD; V. Leroy Young, MD; Basil A. Pruitt, MD 


@ Skin grafts can be used effectively to inhibit wound con- 
traction. A critical element of this inhibition is the adher- 
ence of the graft to the wound bed. Fibrin glue has been 
shown to increase the adherence of skin grafts to wound 
beds. We therefore devised an experiment to determine the 
effect of fibrin glue on skin graft inhibition of wound con- 
traction. Two 2.5 x 2.5-cm full-thickness defects were cre- 
ated on the dorsa of 15 Sprague-Dawley rats. Thirty 
partial-thickness grafts were harvested from isogeneric do- 
nor animals using a brown dermatome. Prior to grafting, one 
full-thickness defect, each animal received 0.2 mL of fibrin 
glue (Immuno AG, Vienna, Austria). The adjacent wound 
served as the control and received 0.2 mL of normal saline. 
Grafts were applied, sutured, and protected with an occlu- 
sive dressing. The size of graft sites treated with fibrin glue 
or normal saline was determined at the time of graft appli- 
cation and thereafter at 3-day intervals for 21 days using 
standardized photographic techniques. The percentage of 
change from initial wound size at each point was recorded 
for each group. Graft sites treated with fibrin glue con- 
tracted less than the controls from the ninth postgraft day 
to the completion of the study. The mechanism by which fi- 
brin glue inhibits wound contraction may be related to in- 
creased adherence of grafts to the underlying wound bed. 
As an adjunct in skin grafting, fibrin glue may offer certain 
advantages that are not achieved by suturing alone. 
(Arch Surg. 1992;127:404-406) 


T he ability of skin grafts to inhibit wound contraction 

depends on the adherence of the graft to the wound 
bed.'* Studies have shown that fibrin acts as a mediating 
factor during the initial adherence of the skin graft to the 
wound bed.*’ 

The adjunctive use of a combination of fibrinogen and 
thrombin in the adhesion of skin grafts was introduced by 
Cronkite et alf in 1944. More recently, this fibrin tissue 
adhesive has been shown to increase the initial adherence 
of skin grafts.” These studies have left unanswered 
questions about the effect that this biological tissue adhe- 
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sive system has on the contraction of grafted wounds. In 
our study, an experiment was devised to determine the 
effect of fibrin glue on skin graft inhibition of wound con- 
traction in a standardized animal model. 


MATERIALS AND METHODS 


Twenty-six Sprague-Dawley rats, weighing 300 to 350 g, 
were anesthetized with intraperitoneal pentobarbital sodium 
(35 mg/kg of body weight). Their dorsa were shaved and 
the remaining hair removed with a depilatory cream. Two 
2.5 x 2.5-cm squares were marked on the backs of 13 animals 
with the use of a template, and full-thickness skin excisions that 
included subcutaneous tissue and the panniculus carnosus were 
performed. The wounds were covered with a moist dressing. A 
2.5 x 2.5-cm square partial-thickness graft was harvested 0.06 cm 
in thickness from the dorsal skin of 13 isogeneric donor animals 
using a Brown dermatome. 

Prior to grafting, one full-thickness defect on each animal re- 
ceived 0.2 mL of fibrin glue (Immuno AG, Vienna, Austria). The 
adjacent wound served as a control and received 0.2 mL of nor- 
mal saline. The location of the fibrin glue was randomized 
between the two wounds. Cultures were taken from all wounds 
prior to graft placement. The grafts were sutured in place with 
a No. 5-0 nylon suture, dressed with gauze and elastic tape, and 
held in place with elastic tape. After recovery from anesthesia, 
the animals were caged individually and allowed free access to 
food and water. 

Photographs of the graft sites were taken from a distance of 
25 cm. Slides of each wound were projected, and the surface area 
of the graft sites was quantified using a planimeter (Keuffel & 
Esser Co, Germany). Subsequent measurements were obtained 
at 3, 6, 9, 12, 15, and 21 days after grafting. Changes in the sur- 
face area of the grafted sites on these days were recorded as a 
percentage of the initial wound size. The size of wounds treated 
with fibrin glue was compared with the normal saline controls 
using paired Student's t tests. Representative sections of the 
grafted wounds were taken from each animal for histological 
analysis at 21 days after grafting. 


RESULTS 


All animals tolerated the operative procedure and sub- 
sequent manipulation. Two animals were excluded from 
the study because hematomas developed under one or 
more of their grafts. All wound cultures yielded negative 
results at 48 hours. There was an average weight gain 
during the 21-day study of 5%. 

At 3 and 6 days after grafting, there was no statistically 
significant difference in the wound size between the graft 
sites treated with fibrin glue and the control wounds 
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Table 1.—Measurements of Wound Contraction at 
Graft Sites Treated fn Fibrin Glue or Normal 
ine* 
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treated with normal saline. At 9 days after grafting, graft 
sites that were treated with fibrin glue had contracted 11% 
less than did their adjacent control sites. At 12, 15, and 21 
days after grafting, the wounds treated with fibrin glue 
had contracted 14% tc 15% less than did the control 
wounds (Table 1). 

Histological analysis of representative sections of fibrin 
glue-treated and control wounds revealed increased vas- 
cularity in graft sites treated with fibrin glue. There was 
no significant difference in the depth of the granulation 
tissue, inflammation, or neutrophil count between fibrin 
glue-treated and control wounds (Table 2). 


COMMENT 


Wound contraction provides a critical contribution to 
the process of wound healing. However, the process of 
wound contraction frequently results in loss of mobility 
~ and distortion of tissues particularly in the flexion creases 
of joints and around orifices. 

The deleterious effects of wound contraction can be 
partially controlled by the application of skin grafts. The 
ability of skin grafts to inhibit wound contraction is related 
to the dermal thickness of skin graft and to the adherence 
of the graft to the wound bed.'*'" Padgett” was the first 
to observe that full-thickness skin grafts contract less than 
partial-thickness grafts. Since then, numerous investiga- 
tors have confirmed that decreasing the amount of intact 
dermis also decreases the inhibitory effect a skin graft has 
on wound contraction.'*”® 

The importance of adherence for skin graft survival is 
well documented, and fibrin appears to be the critical 
bonding protein between the wound bed and skin 
graft.'”? Experimental studies have shown that prevent- 
ing fibrin formation through systemic or local hepariniza- 
tion results in markedly reduced skin graft adherence.*’ 
Additionally, when ‘ibrinolysin is applied to the graft/ 
wound bed interface, there are significant reductions in 
graft adherence.*” Perry and Krizek® have demonstrated 
improved survival of skin grafts with topically applied 
antifibrinolytic agents. Clinical studies of skin graft ad- 
herence in contaminated and clean wounds have demon- 
strated a direct correlation between the presence of fibrin 
under skin grafts and how successfully a graft “takes.”° 

An important event in the field of tissue adhesives was 
reported by Matras et al” in 1972. These authors used 
highly concentrated human fibrinogen in combination 
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Tabl2 2.—Results of Histological Analysis of 
Representative Sections of Fibrin Glue—Treated and 
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with bovine thrombin to achieve a gluing effect for the 
anastomosis of peripheral nerves. Fibrin glue is a pure bi- 
ological substance that bonds with collagen and mimics 
the coagulation cascade. Fibrin glue has been used as an 
adjunct in cardiothoracic surgery in Europe for well over 
a decade. '*3 In this capacity, it has been reported to work 
well as a pzeclot material for synthetic vascular prosthe- 
ses and for control of bleeding surfaces and suture lines 
recalcitrant to other conventional modalities. Other uses 
of fibrin glue in otolaryngotic, maxillofacial, plastic and 
reconstructive surgery, and microsurgery have been re- 
ported in tne literature.*>! 

Numerous studies have documented the usefulness of 
fibrin glue in skin grafting.”'°**™ In particular, Spangler 
et al? have shown that the use of fibrin glue increases ini- 
tial skin graft adherence. Matos and Cruz” demonstrated 
increased skin graft adherence by using fibrin glue in an- 
imals treated with doxorubicin hydrochloride, a cytotoxic 
agent that adversely affects the initial skin graft adher- 
ence. Increased initial adherence by the use of fibrin glue 
may explein the augmented skin graft inhibition of 
wound contraction seen in our study. 

The increased vascularity of the graft sites treated with 
fibrin glue suggests that augmented angiogenesis and sub- 
sequent improvement in how a graft takes may also play a 
role in the decreased wound contraction observed at graft 
sites that were treated with fibrin glue. The failure of a graft 
to take either partially or totally compromises the grafts 
ability to nhibit wound contraction.” The success of a 
graft’s taking appears to be related to early vascularization 
of the graft, and experiments have demonstrated that occlu- 
sion of the microcirculation of skin grafts prevents the grafts 
from taking.” Clinically, increased graft take up to 40% has 
been observed in grafts fixed with fibrin glue, and experi- 
mental stuclies have shown accelerated revascularization of 
skin grafts bonded with fibrin glue.”*** 

Suturing remains the method of choice for skin graft 
fixation. However, as an adjunct in skin grafting, fibrin 
glue may offer certain advantages that are not achieved by 
suturing alone. In addition to its hemostatic and adhesive 
properties, our study demonstrates that fibrin glue aug- 
ments the ability of skin grafts to inhibit wound contrac- 
tion. The exact mechanism of this effect is unknown, but 
it may be related to increased adherence of the skin graft 
or accelerated revascularization of the skin graft. Further 
experimental studies are needed to define the interaction 
of fibrin glue at the graft/wound bed interface. 


References 


1. Foresman PA, Tedeschi KR, Rodeheaver GT. Influence of mem- 
brane dressing on wound contraction. J Burn Care Rehabil. 1986;7:398. 


Wound Contraction With Fibrin Glue—Brown et al 405 


2. Frank DH, Brahme J, Van de Berg JS. Decrease in rate of wound 
contraction with the temporary skin substitute Biobrane. Ann Plast Surg. 
1984;12:519. 

3. Leipziger LS, Glushko V, DiBernardo B, et al. Dermal wound 
repair: role of collagen matrix implants and synthetic polymer dress- 
ings. J Am Acad Dermatol. 1985;12:409., 

4. Burleson R, Eiseman B. Nature of the bond between partial- 
thickness skin and wound granulations. Surgery. 1972;72:315. 

5. Perry AW, Krizek TJ. Topical antifibrinolytic agents and skin graft 
survival. Surg Forum. 1981;32:565. 

6. Teh BT. Why do skin grafts fail? Plast Reconstr Surg. 1979;63:323. 

7. Thorton JW, Tavis MJ, Harney JH, Pirkle H, Bartlett RH, Woodroof 
EA. Graft adherence to wound surfaces: collagen fibrin interactions. 
Burns. 1978;3:23. 

8. Cronkite EP, Lozner EL, Deaver JM. Use of thrombin and fibrino- 
gen in skin grafting. JAMA. 1944;124:976. 

9. Spangler HP, Holle J, Braun F. Gewebeklebung mit Fibrin: Eine 
experimentelle Studie an der Rattenhaut. Wein Klin Wochenschr. 
1973 ; 85: 827. 

10. Matos M, Cruz NI. Reversing the detrimental effect of Adriamy- 
cin on skin grafts in rats. Plast Reconstr Surg. 1987;80:591. 

11. Brown JB, McDowell F. Skin Grafting. 2nd ed. Philadelphia, Pa: 
JB Lippincott Co; 1958. 

12. Grabb WC. Basic techniques of plastic surgery. In: Grabb WC, 
Smith JW, eds. Plastic Surgery: A Concise Guide to Clinical Practice. 3rd 
ed. Boston, Mass: Little, Brown, & Co; 1979;16-35. 

13. McGregor IA. Fundamental Techniques of Plastic Surgery. 3rd ed. 
Edinburgh, Scotland: Livingstone; 1965;53-96. 

14. Corps BVM. The effect of graft thickness, donor site and graft bed 
on graft shrinkage in the hooded rat. Br J Plast Surg. 1969;22:125. 

15. Klein L, Rudolph R. Turnover of soluble and insoluble °H- 
collagens in skin grafts. Surg Gynecol Obstet. 1974;134:883. 

16. Brown DM, Garner W, Young VL. Skin grafting: dermal compo- 
nents in inhibition of wound contraction. Southern Med J. 1990;83:789. 

17. Matras H, Dinges HP, Lassmann J, Mamoli B. Zur Nachtlosen in- 
terfaszikularen Nerventransplantation in tier-experiment. Wein Med 
Wochenschr. 1972;37:517. 

18. Borst HG, Haverich A, Walterbusch G, et al. Fibrin adhesive: an 


406 Arch Surg—Vol 127, April 1992 


important hemostatic adjunct in cardiovascular operations. J Thorac 
Cardievasc Surg. 1982;84:548. 

19, Haverich A, Maatz W, Walterbusch G. Evaluation of fibrin seal ir 
animal experiments. Thorac Cardiovasc Surg. 1982;30:215. 

20. Haverich A, Walterbusch G, Borst HG. The use of fibrin glue fo! 
sealing vascular prostheses of high porosity. Thorac Cardiovasc Surg 
1981 ;29:252. 

21. Koveker G. Clinical application of fibrin glue in cardiovasculai 
surgery. Thorac Cardiovasc Surg. 1982;30:228. 

22. Meisnerx H, Struck E, Schmidt-Habelmann P, et al. Fibrin sea’ 
application. Clinical experience. Thorac Cardiovasc Surg. 1982;30:232. 

23. Redl H, Schlag G, Dinges HP. Methods of fibrin seal applications. 
Thorac Cardiovasc Surg. 1982;30:223. 

24. 3arton BE, Moore EE, Pearce WH. Fibrin glue as a biologic vascu- 
lar patch: a comparative study. J Surg Res. 1986;40:510. 

25. «ram HB, Shoemaker WC, Hino ST, et al. Splenic salvage using 
biologc glue. Arch Surg. 1984;119:1309. 

26. Marquet J. The fibrin seal in otorhinolaryngology. J Head Neck 
Pathol 1982;3:71. 

27. Matras H. Fibrin seal: the state of the art. J Oral Maxillofac Surg. 
1985; 43:605. 

28. Seelich T. Tissucol (Immuno, Vienna): biochemistry and methods 
of app ication. J Head Neck Pathol. 1982;3:65. 

29. Wepner F. The use of fibrin adhesion system for local hemostasis 
in oral surgery. J Oral Maxillofac Surg. 1982;40:555. 

30. Young JZ, Medawar PB. Fibrin suture of peripheral nerves. Lan- 
cet. 1940;2:126. 

31. Ellis DAF, Pelausa EO. Fibrin glue in facial plastic and reconstruc- 
tive surgery. J Otolaryngol. 1988;17:74. 

32. Vibe P, Pless J. Anew method of skin graft adhesion. Scand J Plast 
Reconstr Surg. 1983;17:263. 

33. Lilius P. Fibrin adhesive: its use in selected skin grafting. Scand 
J Plast Reconstr Surg. 1987;21:245. 

34. Inara N, Sozuki K, et al. Application of fibrin glue to burns: its 
hemostatic and skin transplant fixation effects in the excised wound. 
Burns. 1984;10:396. 

35. Haller JA, Billingham RE. Studies of the vascularization in free skin 
grafts. Ann Surg. 1967;166:896. 


Wound Contraction With Fibrin Glue—Brown et al 


Original Article 





Anatomic Considerations in Penetrating 
Gluteal Wounds 


David W. Mercer, MD; Robert F. Buckman, Jr, MD; Rajiv Sood, MD; 
Thomas M. Kerr, MD; Jack Gelman, MD 


è A retrospective study of 81 patients with penetrating 
gluteal wounds was performed to determine if the site of 
penetration was useful in predicting the likelihood of asso- 
ciated vascular or visceral injury. There were 53 gunshot 
wounds and 28 stab wounds, including one impalement. 
The gluteal region was divided into upper and lower zones 
by determining whether entry occurred above or below the 
greater trochanters. Sixty-six percent of all penetrating glu- 
teal wounds entered the upper zone. Thirty-two percent of 
patients with upper zone penetration had associated vascu- 
lar or visceral injury. Only one of 27 patients with lower 
zone penetration sustained major injury. The site of entry 
plays a critical role in determining the likelihood of serious 
injury associated with penetrating gluteal wounds. Wounds 
penetrating above the greater trochanters demand thor- 
ough evaluation, especially gunshot wounds. 
(Arch Surg. 1992;127:407-410) 


enetrating gluteal wounds are commonly seen in 
inner-city trauma centers and may result from stab 
wounds or impalement, and gunshot wounds. They are 
often difficult to evaluate for potential abdominal or pel- 
vic injuries.' This is especially true with stab wounds since 
the direction and depth of the wound may not be obvious. 
While most gluteal wounds involve only injury to the soft 
tissue of the buttock, the possibility of abdominal or pel- 
vic injury has long been recognized.* Major, life- 
threatening visceral and vascular injuries occur in about 
25% of cases.** 

Despite their frequency, penetrating gluteal wounds 
have received little attention in the surgical literature. No 
standardized approach to the evaluation and treatment of 
these potentially fatal injuries has evolved. Factors that 
may increase or decrease the risk of abdominal and pel- 
vic injury with gluteal penetration have not been defined. 
The relationship of the complicated anatomic features of 
the gluteal region and the possible significance of surface 
landmarks to the likelihood of pelvic or abdominal pen- 
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etration have not been examined. The purpose of this 
retrospective study, therefore, was to determine if the site 
of penetration is useful in predicting the likelihood of as- 
sociated vascular or visceral injury and to discuss the po- 
tential role of local wound exploration. 


PATIENTS AND METHODS 


The records of 88 patients admitted to Temple University 
Hospital, Priladelphia, Pa, for penetrating gluteal wounds 
between July 1, 1984, and June 30, 1990, were reviewed. Seven 
patients were eliminated from the study due to the inability to 
determine the anatomic site of penetration. Of these 81 patients, 
there were 75 males and six females ranging in age from 16 to 51 
years (median, 26 years). A total of 98 penetrating gluteal inju- 
ries occurred in these patients. Fifty-three of the patients had 
sustained gunshot wounds, and 28 patients had stab wounds, 
including ome impalement. 

For the purposes of this study, the gluteal region was defined 
as the anatcmic area bordered superiorly by the iliac crest, lat- 
erally by the greater trochanters, and inferiorly by the gluteal 
fold. The gluteal region was considered to be further divided into 
upper and lower zones by an imaginary line joining the greater 
trochanters. Patients who had only exit wounds in the gluteal 
area were excluded. 

All patients were resuscitated according to standard protocols. 
Gross external bleeding was controlled with manual pressure. 
Routine rad_ographs of the chest and abdomen were obtained in 
all patients. Entrance and exit wounds were indicated by radio- 
paque markers. The urine was examined for hematuria. Retro- 
grade cystourethrograms and intravenous pyelograms were ob- 
tained in stable patients with hematuria. 

Sigmoidoscopy was routinely performed. Contrast enemas 
were not used. Arteriograms of the pelvic vessels were obtained 
in 11 cases. Diagnostic peritoneal lavage was not performed in 
any patient. Twenty patients underwent local exploration of the 
buttock wound. In most cases, this was done to control local 
bleeding. Local exploration was done for repair of a sciatic nerve 
injury in one case and, in other cases, to determine the direction 
and depth of a stab wound. Twenty-one patients underwent 
laparotomy The visceral and vascular injuries enumerated in 
this study were all operative findings and were repaired accord- 
ing to stancard procedures. 

Fisher’s Exact Test? was used to determine the significance of 
observed d_fferences in the prevalence of serious injury with 
upper and ower zone gluteal penetrations. 


RESULTS 


A total cf 98 gluteal wounds occurred in 81 patients. Of 
these, 65 (56%) entered the upper zone between the iliac 
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Table 1.—Injuries in 81 Patients With Gluteal 
Wounds (Independent of Zone) 





No. of Injuries 









Stab Wound Gunshot 





Visceral 







Vascular 






Visceral and vascular 
Skeletal 0 4 
Soft tissue only 






crest and the level of the greater trochanters. Thirty-three 
wounds (34%) entered the lower zone between the level 
of the greater trochanters and the inferior gluteal fold. The 
upper gluteal zone was injured twice as frequently as the 
lower zone, regardless of the penetrating instrument. 

Table 1 shows the prevalence of various injuries in 81 
patients with gluteal wounds. The zone of penetration is 
not considered in this table. Of the 81 patients, 28 had stab 
wounds and 53 had gunshot wounds. Eighteen (22%) of 
the 81 patients had major visceral or vascular injury, or 
both. The remaining 63 (78%) patients had either soft- 
tissue, skeletal, or sciatic nerve injury alone. Thirteen 
(24%) of 53 patients with gunshot wounds and five (18%) 
of 28 patients with stab wounds had visceral or vascular 
injury. Four (5%) of 81 patients suffered pelvic or sacral 
fractures. All were secondary to gunshot wounds. 

Twenty-one (26%) of the 81 patients underwent explor- 
atory laparotomy. Five (24%) of these had stab wounds of 
the buttock and 16 (76%) had gunshot wounds. Indica- 
tions for laparotomy included signs of peritoneal irritation 
in five patients, hypotension in another five patients, 
rectal bleeding in seven patients, gross hematuria in one 
patient, and vaginal bleeding in two patients. One patient 
had a bullet anterior to the sacrum, but only sustained 
soft-tissue injury. An abnormal arteriogram was not con- 
sidered an indication for laparotomy. 

One death occurred among the 52 patients with pene- 
trating gluteal wounds. This was a 17-year-old boy who 
had sustained a gunshot wound to the upper zone. He 
presented in extremis with major external and internal 
hemorrhage. Emergency laparotomy revealed massive 
hemoperitoneum secondary to a transected external iliac 
vein. Despite successful repair of the vessel, the patient 
remained in a low-flow state and died the next day. Ac- 
tive external bleeding from the entry wound was present 
in six patients. Local wound exploration was done to 
control bleeding and to determine the wound tract. 

Patients with only gluteal soft-tissue injuries had a 
mean length of hospitalization of 4 days (range, 1 to 19 
days). The one prolonged hospitalization occurred in a 
patient with a shotgun injury who required subsequent 
débridements. 

The prevalence of organ injury with stab wounds and 
gunshot wounds entering the upper and lower gluteal 
zones is shown in Table 2. Major organ injury was far 
more common with penetration in the upper zone. Sev- 
enteen (94%) of the 18 patients sustaining major vascular 
or visceral injury had an entry wound above the greater 
trochanters. Thirteen (72%) of the 18 patients with major 
injuries had been wounded by gunshot. All of these 
wounds entered the upper gluteal zone. Only one patient 
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Table 2.—Prevalence of Injuries According 
to Zone of Gluteal Penetration 


No. of Injuries 


E AFN eee e] 
Upper Zone Lower Zone 
(n=54) (n=27) 

a tives 
Stab Stab 


Wound Gunshot Wound Gunshot 


Visceral, vascular, 


or both 4 13 
Skeletal 0 4 0 0 
Soft tissue only 13 20 10 16 
Total 17 37 11 16 


with a major injury to a vessel or viscus had an entry 
wound below the greater trochanters. 

The zone of penetration appeared to have a closer as- 
sociation with the likelihood of major vascular or visceral 
injury than did the mechanism of wounding. Thirteen 
(35%) of 37 patients with gunshot wounds in the upper 
zone suffered major injuries, as did four (24%) of 17 pa- 
tients with stab wounds in this zone. One patient with a 
stab wound entering the lower zone suffered major vis- 
ceral or vascular injury. The difference in the prevalence 
of serious injuries between upper and lower zone gunshot 
wounds was significant (P<.01). Overall, 17 (31%) of 54 
patients with upper zone penetration had major vascular 
or visceral injury, while only one (4%) of 27 patients 
wounded in the lower gluteal zone sustained major 
injury. Of the five patients who arrived hypotensive, all 
had gunshot wounds entering the upper gluteal region. 
The single patient who died had a wound entering the 
upper zone. 


COMMENT 


It has long been recognized that wounds penetrating 
the gluteal region may injure intra-abdominal and pelvic 
structures.'” In a review of 15 patients, Maull et al' sug- 
gested that penetrating trauma to the buttocks constituted 
a “distinct injury syndrome accompanied by serious 
intestinal, bladder or vascular damage.” More recent 
studies** have not confirmed the concept that there is a 
“syndrome” of buttock wounding. 

The relationship of the gluteal area to the abdominal 
and pelvic organs and vessels has not been adequately 
emphasized. The anatomic features of the gluteal region 
are complex. The likelihood of pelvic or abdominal pen- 
etration with gluteal wounding is related to this anatomy. 
The gluteal region is the anatomic area bordered by the 
iliac crest superiorly, the greater trochanters laterally, and 
the inferior gluteal fold inferiorly. This area can further be 
divided into upper and lower zones by a line between the 
upper tips of the greater trochanters. In Grant’s Atlas of 
Anatomy, this intertrochanteric line corresponds to the 
level of the pubic bone anteriorly and the lower sacrum 
posteriorly. Virtually all of the pelvic vessels and viscera 
lie superior to the plane defined by these landmarks as 
shown in Fig 1. The ilium, sacrum, retroperitoneal mus- 
cles, the lower portion of the colon, most of the rectum 
and bladder, and nearly all of the major pelvic blood ves- 
sels lie above the intertrochanteric plane. In females, the 
reproductive organs, except for the vagina, lie superior to 
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Fig 1.—An oblique view of the pelvic anatomy with the plane of the intertrochanterie line indicated. This plane divides the gluteal and pel- 
vic region into upper and lower zones. Virtually all of the pelvic vessels and viscera lie in the upper zone, ie, superior to this intertrochant- 
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Fig 2.—By splitting the gluteus maximus muscle in the direction of its fibers, the regional neurovascular anatomy becomes readily apparent. 
Note that the superior gluteal vessel and nerve appear above the piriform muscle, while all other vessels and nerves appear below it. 


this plane. Most of -he vagina and about one third of the 
rectum lie below the inzertrochanteric plane. In males, the 
lower third of the rectum, the lower bladder, most of the 
prostate and urethra, and the external genitalia lie below 
the intertrochanteri: plane. 

The overall prevalence of major visceral or vascular in- 
jury with gluteal penetration in this study was 22%. This 
prevalence agrees with the findings of other authors.** 
This study additionally shows that the likelihood of vis- 
ceral and vascular injury is strikingly related to the site of 
the gluteal entry wound. Two thirds of all penetrating 
gluteal wounds entered above the level of the greater tro- 
chanters. Penetratien of the upper gluteal zone carried a 
32% overall risk of visceral or vascular injury. The risk was 
increased further if the wounding agent was a gunshot. 
Thirteen of 37 patients who suffered gunshot wounds to 
the upper gluteal zone had major vascular or visceral in- 
jury, or both. None of the 16 gunshot wounds entering 
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below the level of the greater trochanters resulted in se- 
rious injury. Moreover, 25 of the 26 major injuries 
observed were caused by wounds entering the upper 
zone of the buttocks. Twenty-one of these were caused by 
gunshot. All five patients who arrived hypotensive had 
gunshot wounds of the upper zone, including the only 
patient wno died. All of the major injuries to bony struc- 
tures of the pelvis and to the sciatic nerve were caused by 
gunshot wounds entering the upper zone. Wounds 
entering the lower gluteal zone, that is, below the level of 
the greater trochanters, had a much lower risk of major 
injury. Only one patient with an entry wound in this zone 
had an associated serious injury. This injury was to the 
vagina, which lies below the intertrochanteric plane. 
The position of the patient when wounded is also a 
crucial consideration. This largely determines the trajec- 
tory of the bullet or knife. Since most patients suffering 
gunshot wounds or stab wounds to the gluteal region are 
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standing at the time of injury, the trajectory of the wound 
is usually directed caudally. Given the anatomic relation- 
ship of the pelvic vasculature and viscera to the external 
landmarks, the higher frequency of major injuries with 
upper zone penetration might be anticipated. On the 
other hand, wounds entering the lower zone of the but- 
tock may be more dangerous if the patient is wounded 
when prone and the trajectory of the wounding instru- 
ment is cephalad or if the patient is impaled from below. 
While we saw no instance of this, it is possible that 
wounds sustained in a patient bending over or lying 
prone may have a cephalad trajectory and demand more 
thorough evaluation. 

If one doubts the direction and depth of the wound, lo- 
cal wound exploration may be beneficial. This was per- 
formed several times in the present series. Most often, 
this was required to control muscular bleeding. The deep 
structures of the gluteal region may be approached 
through a gluteus maximus, muscle-splitting incision. 
Such an incision may be made at any level of the gluteus 
maximus. The line of incision and the deep structures of 
the gluteal region are illustrated in Fig 2. Bleeding from 
the gluteal arteries or their branches may be controlled 
with this approach. Penetration of the medial portion of 
the gluteus minimus or of the piriform are associated with 
pelvic penetration and possible rectal injury since these 
are the deepest muscles of the buttock. Wounds that 
clearly have not penetrated beyond these structures can- 
not have penetrated the rectum or the pelvis. 

We do not think that arteriography is indicated in the 
treatment of penetrating gluteal injuries. Patients with the 
previously mentioned indications for laparotomy would 
have exploration of their iliac vessels at that time. Patients 
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with uncontrolled hemorrhage in the gluteal area, on the 
other hand, would get local wound exploration through 
a gluteus maximus, muscle-splitting incision as described 
above. 

In conclusion, the gluteal region can be divided into 
upper and lower zones by using the greater trochanters 
as surface landmarks. This division is important because 
the majority of pelvic viscera and blood vessels lie above 
the level of the greater trochanters. This unique anatomic 
relationship may explain why the entry site plays a crit- 
ical role in determining the risk of major associated 
visceral or vascular injury. 

Penetrating wounds of the upper gluteal zone demand 
a thorough evaluation to rule out associated serious 
injury. Wounds entering below the level of the greater 
trochanters have a much lower risk of abdominal or pel- 
vic penetration, provided that the trajectory of the 
wounding instrument is directed caudally. Finally, if 
wound direction and depth are doubtful, local wound 
exploration employing a gluteus maximus, muscle- 
splitting incision may be helpful. 
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è The extent of excision performed for mammary carci- 
noma prior to radiotherapy as a risk factor for local recur- 
rence was studied in 503 patients. Three hundred twenty- 
three tumors (62%) were excised with a minimal rim of 
tissue (tumorectomy). One hundred forty-two patients 
(27%) had wide excision and 56 (11%) had quadrantec- 
tomy. Tumor stage, size, and radiation treatment were sim- 
ilar for all groups. Forty-one percent of tumorectomies had 
involved margins, and only 14% and 7% were involved in 
the wide excision and quadrantectomy groups, respectively. 
Local failure was 15% for tumorectomy, 7% for wide exci- 
sion, and 5% for quadrantectomy. In T1 ductal carcinoma, 
only 4% of those with excisions greater than 5 cm had re- 
currences. Lesser excision had 20% recurrence. Extent of 
excision before radiotherapy is an important risk factor for 
recurrence. Failure was inversely proportional to the 
amount of breast tissue resected. Narrow excision should be 
discouraged since a larger tumor burden remains that may 
not be sterilized by radiation. 
(Arch Surg. 1992;127:411-415) 


N° that conservative treatment for localized breast 

cancer has been well accepted as an equal alterna- 
tive to mastectomy, many investigators have been search- 
ing for risk factors that may be associated with an unac- 
ceptably high incidence of local failure. The indication for 
breast conservation is being redefined to consider not 
only the patient’s age, tumor size, location, and breast 
anatomy, but also histologic characteristics of the cancer 
such as the degree of differentiation, the presence of vas- 
cular invasion, and most importantly, the presence or ab- 
sence of extensive intraductal cancer within and adjacent 
to the tumor.'” 
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Histologic risk factors can be important in determining 
the probability of local failure, but these are not always 
easy to recognize and are subject to different interpreta- 
tion by different pathologists. This may be a source of 
confusion for the clinician who has the responsibility for 
deciding on the treatment of these patients. 

While it is generally accepted that an inadequate local 
excision of a solid cancer will increase the possibility of 
local failure, there is, as yet, no universal agreement 
among surgeons and radiotherapists as to the extent of 
the excision to be performed for early breast cancer in 
preparation for radiotherapy or even, for that matter, on 
the necessity of obtaining histologically negative mar- 
gins. However, the highest incidence of long-term con- 
trol, so far reported, has been achieved when a significant 
amount of breast tissue surrounding the tumor has been 
removed by a procedure such as quadrantectomy, prior to 
radiotherapy.’ This may be due to the fact that in patients 
treated by radiotherapy for a solid cancer, the highest lo- 
cal control is obtained when the least number of clono- 
genic cancer cells are present at the onset of treatment and 
that the presence of a large number of these cells may be 
the cause of radiation treatment failure.’ 

In our community, surgeons differed in their philoso- 
phy of treatment of localized breast cancer regarding the 
extent of the surgical excision to be done prior to radio- 
therapy. Some performed only a biopsy specimen exci- 
sion of the gross tumor, with a minimal amount of 
normal-appearing breast tissue and without special at- 
tention to obtaining histologically negative margins. Oth- 
ers were more radical and performed wide excision or 
quadrantectomy, with resection of a few centimeters of 
breast tissue surrounding the tumor, either initially or 
following a biopsy specimen excision. 

Because all patients received, essentialiy, the same 
postoperative radiotherapy course, the diversity of the 
surgical techniques used by our referring surgeons gave 
us the opportunity to study in retrospect the effect of 
these different procedures on local tumor control to the 
exclusion of all other risk factors. The results of this 
study may help in determining the extent of the surgi- 
cal excision to be done prior to radiotherapy to mini- 
mize local recurrence. 
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PATIENTS AND METHODS 


The records of 513 patients treated by conservation surgery 
and postoperative radiotherapy between 1967 and 1985 inclusive 
were analyzed. All patients had a minimum follow-up of 3 years. 
Ten patients who had the pathologic diagnosis of in situ ductal 
carcinoma were excluded from this analysis. Of the remaining 
503 patients, 18 were treated for bilateral breast cancer, resulting 
in 521 treated breasts, which formed the basis of this study. Four 
hundred sixty-eight cancers (90%) were diagnosed as infiltrating 
ductal carcinoma. The remaining 53 (10%), which are also 
included, were other invasive cancers, such as medullary, mu- 
cinous, papillary, and infiltrating lobular. For the purpose of this 
study, no attempt was made to review the pathological slides. 

According to the submitted surgical and pathological reports, 
patients were classified retrospectively into three surgical cate- 
gories in a manner similar to that described by others,’ as well 
as in a Consensus Conference on Early Breast Cancer held in 
New York City, NY.” 

In a biopsy excision or tumorectomy, essentially the surgeon per- 
forms a debulking procedure, removing the tumor with a min- 
imal rim of grossly normal tissue and without special attention 
to the microscopic margin. A wide excision is an excision of the 
tumor with a generous rim of grossly normal breast tissue, usu- 
ally 2.0cm or more. A quadrantectomy or partial mastectomy implies 
resection of a quadrant of the breast with or without the over- 
lying skin. 

Patients who initially had a biopsy excision, followed by a re- 
excision, were considered to have had either a wide excision or 
quadrantectomy, depending on the extent of the reexcision per- 
formed. Those who had an incisional biopsy only as a definitive 
procedure were excluded from this study. 

Breast specimen size, as well as tumor size, were taken as the 
longest dimension in centimeters since this was the most 
consistent measurement given by the pathologist. It was impos- 
sible to analyze the relation between the volume of breast tissue 
removed to that of the tumor because the three dimensions of 
either the specimen or tumor were most often not reported. 

Breast specimens were not routinely “inked” by many pathol- 
ogists prior to 1985, even in large institutions in our area.'! Nev- 
ertheless, if the pathologist described microscopic tumor as ei- 
ther in situ (other than lobular) or infiltrating at the margins, the 
margin of resection was considered to be involved. 

Patients received, as soon as the surgical wound was healed, 
and usually within 2 to 3 weeks, postoperative radiotherapy on 
a cobalt 60 unit, a 6- or 8-mV linear accelerator, at either the Al- 
bert Einstein College of Medicine or Cabrini Medical Center, 
New York, NY, or in an outpatient facility equipped with a co- 
balt 60 unit. All radiotherapy treatments were given under the 
supervision of two of us (N.A.G. and P.S.). The radiation tech- 
nique was described in detail previously.'*" In brief, the patients 
were treated 5 days a week, at a dose rate of 180 to 200 cGy per 
fraction. The entire breast received a tumor dose of 4600 to 5000 
cGy, to the 80% or 90% isodose line. An additional boost of 1600 
to 2000 cGy was delivered either by external irradiation or by in- 
terstitial iridium implant to the tumor bed as indicated by pre- 
operative clinical and/or mammographic findings. Small breasts 
were treated throughout by tangential portals with the patient 
in the supine position. In average or large-size breasts, the lat- 
eral horizontal position (decubitus technique) was used as 
described previously,'* after a dose of 3500 cGy was given by the 
tangential fields. On average, a dose of 6600 cGy was delivered 
in about 7 weeks, but those who had a positive tumor margin 
received either a higher dose of external irradiation of the order 
of 7000 to 7200 cGy or had the boost given by an iridium implant. 
Twenty percent of the patients with tumorectomy and 10% of the 
patients with wide excision and quadrantectomy had an inter- 
stitial implant. Axillary sampling or dissection was not per- 
formed on the majority of these patients. Only 156 patients (30%) 
had axillary surgery. Those who did not have axillary surgery 
received routinely, in addition to breast irradiation, radiotherapy 
to the ipsilateral lymphatics. '* The extent of lymphatic irradiation 
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Fig 1.—Distribution of patients according to the extent of the sur- 
gical procedure described. 








Table 1.—Distribution of Patients According to Stage 
and Surgical Procedure Pettonned: 


Stage,* No (%) 






Surgical 
Procedure 








T1 T2 T3t Total 
191 (59) 115 (36) 17 (5) 323 
83 (58) 50 (35) 9 (6) 142 
33 (59) 20 (36) 3 (5) 56 
307 (59) 185 (36) 29 (5) 521 









Tumorectomy 





Wide excision 









Quadrantectomy 
Total 











*Stage according to Union Internationale Contre le Cancer TNM 
classification." 
tTumor not exceeding 6 cm in size. 


of patients who had axillary surgery depended on the patho- 
logical finding in the axilla, as well as on the site of the 
primary tumor. 

Regardless of its location or its time of appearance after the 
initial treatment, recurrence in the breast, either alone or asso- 
ciated with nodal and/or concomitant distant metastasis, was 
considered to be local failure and all recurrences were confirmed 
by pathological examination. All data were entered for computer 
analysis without prior knowledge of the treatment outcome. Es- 
timates for freedom from local recurrence for each surgical group 
were calculated by the Kaplan-Meier method and the Mantel 
Test was used for statistical significance." 


RESULTS 


The average follow-up for the entire group was 7 years. 
It was 7.12 years (3 to 14 years) for the tumorectomy 
group, 5.6 years (3 to 14 years) for the segmentectomy 
group, and 5 years (3 to 14 years) for the quadrantectomy 
group. The distribution of cases according to the defini- 
tion of surgical procedures used in this study is shown in 
Fig 1. The most frequently performed resection (62%) was 
a biopsy specimen excision or tumorectomy as the defin- 
itive procedure prior to radiotherapy and the least per- 
formed was a quadrantectomy (11%). Twenty-seven per- 
cent of patients had a wide excision. No difference was 
noted in stage distribution for each of the described pro- 
cedures: 60% in each category being T1 and only 5% be- 
ing T3 cancers’® (Table 1). 

Comparison between the average tumor size and the 
breast specimen size for the surgical procedure described 
is shown in Fig 2. Although the average tumor size was 
similar, being somewhat less than 2.5 cm for all three cat- 
egories, there was a notable difference in the amount of 
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Fig 2.—Average breast specimen (open bar) and tumor size (shaded 
bar) for each of the surgical procedures described. 


Specimen Size 
(Largest 
Dimension, cm) 
FETS 
6+3.3 
13+5.5 


Involved,* 
No. (%) 


129/316 (41) 
19/139 (14) 
4/56 (7) 
152/511 (30) 


Procedure 
Tumorectomy 


Wide excision P<.001 


Quadrantectomy 
Total 
*Ten specimens where margins not specified were excluded. 


breast tissue removed in each of the procedures. The av- 
erage breast tissue removed at tumorectomy was only 
4.0+1.5 cm (mean+SD), whereas it was 8.0+3.3 cm and 
13+5.5 cm for wide excision and quadrantectomy, re- 
spectively. 

The incidence of microscopically involved margins in 
relation to the procedure performed is analyzed in Table 
2. Forty-one percent of the tumorectomy group had 
involved margins. This incidence decreased significantly 
as the size of the breast tissue resected became larger. 

Of the 521 treated patients, 60 (11.5%) sustained recur- 
rences in the breast. Figure 3 shows the relation between 
the recurrence rate and the surgical procedure performed. 
Forty-seven (15%) patients treated by tumorectomy sus- 
tained a recurrence. Only 10 (7%) and three (5%) of those 
treated by wide excision or quadrantectomy, respectively, 
had recurrences (P<.03). The average time to recurrence 
for all patients was 42.7+27.9 months; it was 43.8+26.0 
months for the patients with tumorectomy and 37.2+36.5 
months for the patients with segmental resection. No 
statistical significance was noted between these two 
groups (P>.5). Only three of the 56 patients treated by 
quadrantectomy had recurrences (13, 20, and 27 months, 
respectively). Figure 4 shows the local control for the 
three surgical groups in relation to time of follow-up. 
Local control was significantly worse for those who 
had tumorectomy. 

Microscopic involvement of the surgical margins did 
not appear to affect local recurrence (Table 3). Because age 
has been reported to be an important risk factor for local 
recurrence,'*'* the distribution by age for each of the 
procedures performed was examined (Table 4). Age was 
similar for the tumorectomy and segmentectomy groups 
but a higher proportion of patients younger than 40 years 
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Fig 3.— Incidence of breast recurrence (lighter shaded bar) for each 
of the surgical procedures described. The difference in recurrence 
rate among the three groups is significant (P<.03). Darker shaded 
bars indicate breasts treated. 
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Fig 4.— Local control and time of follow-up for each type of surgery 
performed according to Kaplan-Meier method.” 


Table 3.—Incidence of Breast Recurrence According 
to Microscopic Involvement of Margin of Resection 






Local Reccurrence,* No. (%) 
43/359 (12) 

16/152 (10.5) | te 
59/511 (11.5) 


Margin of Resection 









Negative 





Positive 
Total 








*Ten specimens where margins not specified were excluded. 


of age was noted in the quadrantectomy group. This 
group was expected therefore to be at higher risk for re- 
currence, which was not the case. 

To further evaluate the effect of the extent of surgical 
resection on recurrence, a homogeneous group consisting 
of patients with T1 (<2 cm) infiltrating ductal carcinoma 
only was examined separately. In this analysis, only the 
size of the resected specimen was considered and not the 
type of surgery described. Two hundred sixty-one of the 
307 T1 stage tumors were submitted for this analysis. One 
hundred sixty-three (62%) had breast specimen size of 5 
cm or less and 32 (20%) of them sustained a recurrence. 
In 98 (38%) patients in whom the resected specimen was 
greater than 5 cm, only four (4%) sustained a recurrence 
(P<.001). This analysis is shown in Fig 5. 
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51-60 82 (25) 30 (21) 15 (27) 
148 (46) 75 (53) 16 (29) 
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142 56 


(No. of Recurrences/No. of Breasts) 


Specimen Size 
<5cm 32/163 sig P<.001 


>5cm 4/98 (4%) 


Local Recurrence, % 
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Breast Specimen Size, cm 


Fig 5.— Incidence of recurrence according to size of breast speci- 
men resected in 261 T1 stage (<2-cm) infiltrating ductal carcinomas. 


COMMENT 


The purpose of this retrospective analysis was to 
investigate the relation between the amount of breast tis- 
sue excised along with the tumor in preparation for 
radiotherapy and the incidence of breast recurrence. Al- 
though this study has limitations in that only one dimen- 
sion of the specimen could be examined and not the total 
volume, the data indicate that the larger the excision, the 
lesser the likelihood of recurrence. Because all patients 
received irradiation in a uniform way by a single group of 
radiotherapists, the observed difference in recurrence rate 
was a reflection on the surgical philosophy of the referring 
surgeon. 

The overall incidence of breast recurrence in this study 
was 11.5%, similar to that reported in other series. "° 
When only a biopsy specimen excision was performed, 
15% sustained a recurrence. This incidence was double 
that observed when a wide excision was done and three 
times greater than when a quadrant of the breast was re- 
sected. When this analysis was performed on a uniform 
group of small (<2 cm) infiltrating ductal cancers, disre- 
garding the description of the surgical procedure used, 
there was again significant correlation between the 
amount of breast tissue resected and local recurrence. 
When more than 5 cm of breast tissue was excised, only 
4% of patients sustained a recurrence. If a lesser amount 
was resected, 20% sustained a recurrence. 

The results of a randomized study performed at the 
Milan (Italy) Cancer Institute between 1985 and 1987 for 
patients with 2.5 cm or less of cancer were published re- 
cently by Veronesi et al.'? Three hundred forty-six had 
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lumpectomy, which was essentially a debulking proce- 
dure ønly with removal of 1 cm of breast tissue and with- 
out regard to microscopic involvement of resected mar- 
gins. An iridium implant was performed as a boost in 
addition to whole-breast irradiation. Although the cos- 
metic results following this limited surgery were very 
satisfactory, 25 (7%) sustained a recurrence in the breast 
in th:s short follow-up period. However, of the 360 
patients who had quadrantectomy plus external irradia- 
tion and without an interstitial implant, only eight pa- 
tients (2.2%) had recurrences. 

A few factors may be responsible for the local failure in 
patierts treated conservatively. One of them is histolog- 
ically ncomplete excision of the tumor, leaving behind an 
excessive number of clonogenic cancer cells that cannot be 
sterilized by the usual postoperative radiation doses. 
Several histopathological studies have shown that the 
smaller the excision the greater is the likelihood that a 
substential amount of tumor cells will remain in the 
breast. Gump et al” found that in stage I and II cancers 
treated by mastectomy, there was an incidence of 27% of 
malignant foci away from the primary tumor and 90% of 
them were in its proximity. Holland et al,” in an elegant 
radiohistological study, have shown that there is a grad- 
ual decrease in the percentage of tumor foci as the 
distance from the primary cancer increases. These stud- 
ies have obviously suggested that a wide excision would 
minimize the possibility of local recurrence by decreasing 
the tumor burden in the breast. This has been confirmed 
repeatedly in clinical practice. When excision, which may 
vary between removal of the tumor surrounded by at least 
2 cm ef grossly normal tissue to the removal of an entire 
quadrant, local recurrence, after adequate radiotherapy, 
was low, varying between 2.5% and 7% in long-term 
follow-up,” similar to the recurrence observed for 
patients treated by either wide excision or quadrantec- 
tomy =n this study. This may explain the lack of correla- 
tion between the presence or absence of extensive intra- 
ductal carcinoma and local failure when wide excision has 
been performed, although extensive intraductal carci- 
noma remains an important risk factor when very limited 
surgical excision is performed.‘ 

In this study as in an earlier one,” the microscopic in- 
volvement of the resection margin was not necessarily 
associated with an increased risk of local recurrence. Most 
of our patients with positive margins (85%) were in the 
tumor2ctomy group. A similar observation was made by 
Veronesi et al’? who noted that the positivity of the resec- 
tion margin is not an accurate predictor for recurrence. 
Hollard et al” and others*”’ have also pointed out that 
the involvement or noninvolvement of the resection mar- 
gins is not a reliable indicator of the completeness of the 
surgical excision mainly because of the inherent nature of 
the br2ast specimen and the difficulty in assessing the 
entire resected margins. Because of the limited signifi- 
cance associated with the pathologist’s evaluation of the 
margin of resection, Holland et al” warned that a nega- 
tive margin may not mean that a small amount of tumor 
cells is present in the remainder of the breast. A positive 
margin, however, may not necessarily indicate a large tu- 
mor burden. 

Despite the pitfalls associated with the pathologist's 
evaluation of the resection margins, a conscious attempt 
by the surgeon to obtain microscopically negative mar- 
gins, at the time of the initial excision or following reex- 
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cision, means that in all probability a wide excision was 
performed with removal of a substantial amount of tumor 
cells. 

Although the local control following radiotherapy for 
stage I and II is dose related,” there is a risk that an in- 
sufficient amount of radiation is delivered to the tumor 
area by the “boost” field because of the breast anatomy 
and the difficulty sometimes encountered by the radio- 
therapist in determiring the exact location of the tumor 
bed after conservative surgery. This difficulty may be 
averted by delivering a high radiation dose to the entire 
breast, as has been shown by Van Limbergen et al.” When 
the dose to the entire breast was increased to 6500 cGy for 
T1 and T2 stages, the -ocal control was 100%; however, the 
aesthetic outcome was poor. 


CONCLUSION 


Despite the fact that a biopsy specimen excision results 
in minima! breast deformity and excellent cosmesis, it is 
associated with an unacceptably high incidence of local 
recurrence. In addition to the psychological trauma asso- 
ciated with recurrence and the need for salvage mastec- 
tomy, such failure may place the patient at high risk of 
distant dissemination, as was demonstrated by us” as 
well as others,™? particularly when recurrence occurs 
within a relatively short time after the initial treatment. 
Unless long-term randomized studies prove otherwise, 
minimal excisional Liopsy (lumpectomy) prior to radio- 
therapy should be discouraged. 


The following surgeens contributed patients for this study: 
Frank Deluca, MD; Herschel Flax, MD; Frank Migliorelli, MD; J. 
Pauporte, MD; and Jercme Quint, MD. Jean Nusbaum, RN, and 
Filipinas Villar, RN, hd@ped in this study, and John Battis pro- 
vided technical assistance. 
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Original Article 


Mesh Tube—Constricted Varicose Veins Used as Bypass 
Grafts for Infrainguinal Arterial Reconstruction 


Anton Moritz, MD; Florian Grabenwoéger, MD; Franz Raderer, MD; Hermann Ptakovsky, MD; 
Michael Staudacher, MD; Heinz Magometschnigg, MD; Robert Ullrich, MD; Ernst Wolner, MD 


è Varicose veins are generally deemed inappropriate graft 
material for arterial reconstructions despite their physio- 
logic flow surface because of their large and irregular cal- 
iber. Size reduction by threading such veins in constricting 
tubes may create bypass grafts of suitable caliber as long as 
redundant wall material does not cause stenoses. Sixteen hu- 
man varicose veins (mean+SD,13+3 mm diameter) ob- 
tained after stripping operations were inserted into Dacron 
mesh tubes of 6 mm interna! diameter. Paraffin casts of the 
distended veins showed a size reduction of 6.9+2.6 mm. 
Wall material formed folds in only two veins. In both cases, 
diameter reduction was more than 10 mm. However, the 
folds did not result in significant stenoses. Mesh-constricted 
varicose veins were used as bypass material in 11 infrain- 
guinal arterial reconstructions. All externally supported seg- 
ments showed satisfactory size reduction without stenoses 
or folds. One graft occluded 2 months after surgery. Two pa- 
tients had to undergo reoperation after 2 and 16 months, re- 
spectively. None of the complications could be attributed to 
the constriction of veins. The remaining grafts are patent and 
functional after a mean of 17 months (range, 6 to 42 months). 
Considerable size reduction by external wrapping of vari- 
cose veins is possible without adverse side effects. Such con- 
stricted veins were used successfully as bypass grafts for in- 
frainguinal arterial reconstructions. 
(Arch Surg. 1992;127:416-420) 


de veins are usually not used as arterial bypass 
grafts because of their irregular diameter, size mis- 
match causing unfavorable hydrodynamic properties, and 
the thinned vessel wall with the threat of aneurysmal de- 
generation. Clinically, external reinforcement has been 
used to prevent constriction of bypasses by surrounding 
structures’ or to achieve a better size match between graft 
and recipient vessel in coronary surgery.* Varicose or 
large-caliber veins such as superficial femoral veins can be 
used as autologous, naturally endothelialized bypass 
grafts when a small and regular diameter is achieved by 
inserting the vein into an adequately sized tube. For thin- 
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walled veins such as arm veins, the external support will 
prevent later graft dilatation. Reduction of wall stress by 
external support proved to reduce intimal hyperplasia re- 
sulting from arterialization of veins in experimental 
studies.** After a series of in vitro tests that proved to what 
extent varicose veins can be constricted without forming 
folds on the flow surface, reinforced varicose veins were 
used as graft material in peripheral bypass surgery. 


PATIENTS AND METHODS 
In Vitro Studies 


To determine the extent to which varicose veins can be con- 
stricted until longitudinal folds or wrinkles will develop, human 
varices were inserted into mesh tube segments. Specimens were 
obtained after vein stripping procedures and stored for several 
weeks in antibiotic solution at 4°C. Dilated and varicose segments 
at least 10 mm in diameter were selected. Parts with major tears 
or signs of recanalization or other severe thickening of the vein 
wall were discarded. Small side branches were ligated with 4-0 
silk, and larger side branches were cut flush with the vein wall 
and the openings oversewn with 7-0 polypropylene. Dilated seg- 
ments were filled with diluted contrast medium (Meglumin Io- 
damid, Uromiro Gerot, Vienna, Austria), pressurized to 100 mm 
Hg, photographed, and roentgenographically viewed together 
with a spheroid size marker (4.75-mm diameter). These segments 
were then inserted into Dacron mesh tubes 5 to 10 cm long and 
6 mm in diameter. The tubes had been sewn from thin medical- 
grade polyester mesh (Lars mesh, Meadox Medicals, Oakland, 
Calif) over a 6-mm mandril using 4-0 locked silk sutures with the 
more elastic side of the mesh oriented longitudinally. The 
wrapped segments were again viewed roentgenographically (Fig 
1), pressure fixed with 9% buffered formaldehyde, and filled with 
molten paraffin wax. At all steps, the veins were kept distended 
by pressurization to 100 mm Hg. After curing, the external, mesh- 
covered side was dipped into red-stained wax to facilitate deter- 
mination of the outer contour. Inner diameters of varices and con- 
stricted grafts were determined from the roentgenograms. In ad- 
dition, roentgenograms were viewed for longitudinal 
translucence as a sign of folds or wrinkles and for stenotic seg- 
ments. The casted composites were cut transversely at 1-cm in- 
tervals and photographed together with a micrometer rule 
through a dissecting microscope. The presence of folds and areas 
of wall thickening was noted and their thickness measured. 


Clinical Application 


Partially or totally wrapped varicose veins were used as arterial 
bypass grafts in 11 clinical cases. Patient characteristics are given 
in the Table. Veins were dissected using an atraumatic technique 
and flushed and stored in a solution containing heparin, papa- 
verine, and albumin.’ Side branches were ligated with 4-0 resorb- 
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Fig 1.—Roentgenogram of a distended varicose vein before (top) 
and after (bottom) insertion into a 6-mm mesh tube. 


Patient Data* 


Patient No/ Symp- 
Sex/Age,y toms Wrap 


1/M/65 IIb Total 





Bypass Remarks 


Fem-pop III 




















2/F /80 IV Partial Fem-crur Died 2 mo 
sequential postoperatively 
3/F /80 HT Partial Popliteal- Occluded 
crural 2 mo 
postoperatively 
A/F 175 IIl Partial Fem-crur Proximal 
stenosis after 






16 mo 











5/M/54 lib Partial 


6/M/70 IV Tota! 


Fem-pop | 





Fem-crur 












7/M/61 II Total Fem-pop II 
8/M/76 HT Tota Fem-pop III 
9/F /56 lib Jota Fem-pop | 
10/M/72 IV Partial Fem-pop III Revision of 
end-to-end 







anastomosis 





11/M/54 





Fem-pop III 





*Patients who received partially or totally mesh-reinforced and 
constricted varicose veins as infrainguinal bypass graft. Symptoms are 
listed in clinical stages. Femoropopliteal (Fem-pop) bypasses are differ- 
entiated by the popliteal segment (I, II, IHI) to which the distal anastomosis 
was made. Fem-crur indicates infrapopliteal bypass. 


able sutures. As larger ligated side branches caused visible inden- 
tations into the graft lumen at control angiography in early cases, 
such branches were cut evenly and oversewn later. In the first 
patient, the vein was inserted into an 8-mm reinforced polytef 
(polytetrafluoroethylene) graft. All other veins were reinforced 
with Dacron mesh tubes fabricated the same way as for the in 
vitro studies. As the mesh was available only in 15-cm sheets, 
when necessary three te four segments had to be anastomosed 
end to end with four to five 5-0 silk stitches. Owing to the hex- 
agonal mesh structure, longitudinal tension influenced the re- 
sulting diameter. When there was no adequate, undilated vein 
segment available, the mesh tube was included into the suture 
line of the anastomoses. To facilitate insertion of the vein into the 
mesh tube, we used a metal tube with a funnel-shaped end (Fig 
2). Mesh segments were threaded onto the tube and anastomosed 
to the length needed. The prepared vein was then pulled through 
the tube and the mesh was slipped over it, taking care to apply 
similar tension to both (Fig 3). All patients had angiography at the 
end of the surgical procedure and complete conventional or dig- 
ital angiography during their hospital stay. Later follow-ups were 


Arch Surg—Vol 127, April 1992 





7 MAESA eeee 

KRAAI ATA IA MRR RIRIS ILAS 
ial I esos n 

“ 


r 
on cecceses EPE S S SE 
AUTTAIS TOODO 


it 


Vvuvvvvvvvvvvvvvvv v v NN 


Fig 2.— The use of the mesh tube applicator. It consists of a metal 
tube with one funnel-shaped end and a removable bullet-shaped 
tip at the opposite end. Mesh tube segments are slipped over the 
tube and anastomosed to the length needed. The vein is threaded 
through the tube, and the mesh tube is slipped over the vein, re- 
sulting in a mesh tube-constricted vein. 





Fig 3.—Top, The completely dissected varicose vein. Bottom, The 
vein is threaded through the mesh tube applicator and the tube 
material is slipped over the vein. 
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Fig 4.—Cross-sections of paraffin casts of constricted veins. Left, Appearance of vein wall after constriction from 14- to 6.5-mm diameter. 
Center, The wall of a varicose vein formed a fold (arrowhead) after constrictioa from 16- to 6-mm diameter. The cross-sectional area is not 
markedly reduced. Right, Indentation caused by localized thickening of the vein wall or a ligated side branch (arrowhead). 


done in our outpatient department at 3- to 6-month intervals. 
Grafts were considered patent when ankle pulses were palpable 
or the Doppler index remained unchanged. 


RESULTS 
In Vitro Studies 


The segments of varicose veins measured 13.0+2.8 
mm at the largest diameter. By the external wrap, they 
were constricted to 6.3+0.6 mm. This resulted in a 
circumference reduction from 43 to 21 mm (51%). The 
mean diameter reduction was 6.9+2.6 mm. Two of the 
16 samples formed folds with two sandwiched wall 
thicknesses encroaching into the lumen (Fig 3). In 
these two cases, the original diameter of the varices 
was significantly larger than in the unfolded veins 
(17.0+1.4 vs 12.6+2.5 mm; P=.034), and as a conse- 
quence the degree of diameter reduction was signifi- 
cantly more than for veins that did not form folds 
(11.0+1.4 vs 6.2+2.2 mm; P=.01). Eight of the 16 sam- 
ples showed indentations into the lumen caused by 
thickened wall segments, ligated side branches, or the 
above-mentioned folds. These irregularities caused a 
diameter reduction of 1.4+0.4 mm. In no case, either 
on the roentgenograms or on the casts, could more 
than mild stenoses be detected (Fig 4). 


Clinical Results 


Control angiography showed a satisfactory reduction 
of vein size in all cases. In none of the grafts was a 
more than moderate narrowing caused by thickening 
of the venous wall or ligated side branches obvious. In 
case 7, ligation of a large, proximal side branch led to a 
40% to 50% bypass stenosis (Fig 5). Control angiogra- 
phy 3 months later showed a regression of the stenosis 
to a mild degree. 

Despite application of warm papaverine solution, var- 
icose veins tended to contract during handling. The 
diameter of two partially supported veins was underesti- 
mated, and so the unsupported, nonaneurysmatic seg- 
ments had dilated to about 8 mm at control angiography. 
In two cases, the joints of the mesh tube segments were 
detectable at control angiography, causing a slight devi- 
ation of the graft route in one case and a small protrusion 
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in the other (Fig 6). 

Mean follow-up was 13 months (range, 2 to 42 months) 
for all grafts. One patient died of congestive heart failure 
2 months after surgery for acute leg ischemia; her se- 
quential reconstruction was patent. The popliteal to dis- 
tal posterior tibial artery occluded after 2 months. This 
reconstruction was done as a secondary operation after 
acute thrombosis of a composite Y-graft. The renewed 
jump segment originating from the reinforced segment to 
the dorsalis pedis artery failed primarily, and some 
thrombus formation was detected by control angiography 
at the venovenous anastomoses. The tip of the anasto- 
moses to the considerably sclerotic posterior tibial artery 
had a 50% narrowing. After graft occlusion, intractable 
pain led to lower-leg amputation. 

In patient 4, only the central, aneurysmatic segment of 
the vein used for a crural reconstruction was reinforced. 
Postoperative control angiography showed a moderate 
dilatation of the unsupported proximal and distal seg- 
ments. Sixteen months after surgery, the patient pre- 
sented again with rest pain. Angiography revealed a 
proximal, high-grade stenosis and a mild stenosis more 
distally. Hyperthyroidism prohibited dilatation or revi- 
sion, and finally the graft occluded. After stabilization of 
thyroid function, she underwent reoperation. The prox- 
imal, unsupported vein was highly stenotic and throm- 
bosed. The wall thickening expanded into the supported 
segment. The distal two thirds of the graft had remained 
patent, with considerable blood flow originating from the 
vasa vasorum of the supported segment. As there was 
another mild stenosis within the wrapped segment, a 
composite graft was performed anastomosing a 5-mm 
polytef graft to the distal vein at the level of the adductor 
canal, restoring adequate leg perfusion. 

In patient 10, an end-to-end anastomosis in the central, 
unsupported graft had to be revised as it had produced 
severe stenoses at control angiography. 

All ether grafts are patent and functional for a mean of 
17 months (range, 6 to 42). Angiography performed in 
four patients after 6, 8, 10, and 36 months for contralat- 
eral d:sease showed a further smoothening of the flow 
surface. No signs of anastomotic hyperplasia have been 
detected. 
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Figure 5. 


Figure 6. 


Fig 5.— Control angiography of the varicose vein shown in Fig 4 used 
as bypass material for a femoropopliteal bypass after calibration. 
Proximally, a large ligated side branch caused a 40% to 50% steno- 
sis (arrowhead), which was found to be reduced in severity at con- 
trol angiography 3 months later. 


Fig 6.—Another bypass constructed with a diameter-reduced vari- 
cose vein. Asmall herniation of the vein wall developed at a junc- 
tion of mesh tube segments (arrowhead). 


COMMENT 


Autologous grafts with a functional endothelial lining 
show superior results compared with biologic or synthetic 
grafts in arterial reconstructions with limited outflow, 
* mainly in infrapopliteal’? and coronary bypass surgery.” 
Weakness of the wall and unfavorable hemodynamic 
properties prohibit the use of varicose veins despite their 
physiologic flow surface. External reinforcement has been 
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used clinically to avoid graft compression or to match graft 
diameter to the recipient vessel.’ 

Our in vitro series was designed to evaluate the 
degree to which varicose veins may be constricted until 
folds or stenoses are formed by redundant vessel wall. 
Longitudinal folds developed in only two varices, 
which were constricted by 10 mm or more. However, 
none of these folds created significant stenoses. Several 
other veins showed indentations caused by ligated side 
branches of thickened wall segments, but again none 
of these were significant. Veins lose their ability to 
contract actively quite rapidly after storage," so veins 
processed immediately may tolerate an even greater 
diameter reduction when smooth-muscle cells actively 
reduce wall circumference. The major limitation of size 
reduction is caused by thickening of the vein wall or 
by recanalized segments. In part, this may be over- 
come by the use of larger tubes. 

The clinical series showed a satisfactory calibration of 
varicose veins by the mesh tubes. None of the complica- 
tions could be attributed to the supported graft material. 
Despite proximal occlusion of a partially supported graft, 
the distal two thirds remained patent. This may rarely 
happen in vein grafts but will certainly not be seen in 
synthetic grafts, generally used when the autogenous 
vein appears unsatisfactory. The unusually strong blood 
flow distal to the occluded segment may well be caused 
by the increased vascularization or the reinforced vein 
wall.? Late control angiography showed a continued 
smoothing of flow surface irregularities caused by tied 
side branches or anastomosed tube segments. No signs of 
anastomotic hyperplasia, as are sometimes observed in 
polytef grafts, were apparent. 

In addition to the feasibility of varicose vein constriction 
and the good graft performance in the initial clinical 
series, experimental evidence indicates that external sup- 
port and size reduction may be advantageous to normal 
vein grafts as well. The relief of wall stress reduces inti- 
mal proliferation induced by the arterialization of vein 
grafts.** Porous materials are preferable to materials not 
allowing ingrowth of vascularized tissue, as this will 
cause ischemia of the vessel wall and induce intimal hy- 
perplasia.* Reduction of graft diameter to match the size 
of the recipient vessel will increase flow velocity and shear 
rate, which in turn is inversely correlated to intimal 
hyperplasia*"’ and platelet activation.'* A smaller graft 
size reduces the largest diameter of the anastomoses, and 
this, by the law of LaPlace, will reduce wall tension for a 
given intraluminal pressure. This may well influence the 
development of anastomotic hyperplasia.'* Graft compli- 
ance was correlated to anastomotic intimal hyperplasia 
and consecutive graft occlusion.’ Most of these studies 
investigated various materials of different elasticity, and 
thus results may be influenced by reactions to the graft 
material itself. None of these studies investigated the ef- 
fect of stiffening vital graft materials, as by external rein- 
forcement, on anastomotic hyperplasia. 

Reduction of wall stress may be particularly advanta- 
geous for thin-walled arm veins, which show late dila- 
tation in peripheral vascular surgery and inferior re- 
sults in coronary surgery.'*!7 Femoral veins used as an 
alternative autologous graft may easily be calibrated 
by mesh tubes so that not only the segments close to 
the anastomoses but also the entire graft matches the 
size of the grafted vessels. 
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Multifocality in the Earliest Detectable 
Breast Carcinomas 


Maj David R. Arbutina, MC, USAF; Bradley K. Cruz, MD; Maj Clarke T. Harding, MC, USAF; 
Maj Margie W. Cornwell, MC, USAF 


è A prospective study (protocol SG 89-150) was under- 
taken to determine the role of mammographically guided 
fine-needle aspirations in the diagnosis and subsequent sur- 
gical treatment of nonpalpable, mammographically de- 
tected breast cancers. During this study, once a diagnosis of 
cancer based on mammographically guided fine-needle as- 
piration was established, a wide segmental excision was 
performed to attempt to eradicate local disease. Surgical 
margins free of tumor were obtained in all cases. Total ex- 
cision of these small lesions permitted in-depth histopatho- 
logic evaluation of the specimens. This led to the discovery 
that even the earliest detectable breast cancers may have 
extensive involvement of the surrounding breast tissue, 
which is vital information for planning complete therapy for 
the patient with breast cancer. 
(Arch Surg. 1992;127:421-423) 


Ww advances in mammographic techniques, breast 
cancers are now frequently discovered in a non- 
palpable state. Previcusly, needle-directed biopsies were 
used to diagnose nenpalpable cancers. However, a retro- 
spective review for a period of 1 year at our institution 
demonstrated that 14 or 16 of these needle-localized 
biopsy specimens had indeterminate or positive surgical 
margins. Other investigators similarly report a significant 
incidence of positive margins and problems with needle- 
localized biopsies.'* As a result, if subsequent breast- 
conserving surgery is desired, a more disfiguring 
“lumpectomy” is required to excise the residual tumor 
with its biopsy-induced serum-filled pocket to achieve 
clear surgical margins. Lofgren and colleagues? proposed 
that mammographically guided fine-needle aspiration 
(MGFNA) can be used to diagnose these tumors, thus 
permitting the initial surgical procedure to be therapeutic 
rather than diagnostic. This study was undertaken to 
verify the diagnostic reliability of MGFNA and to reduce 
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the incidence of positive surgical margins with a simpli- 
fied approach to surgical treatment. 

The type of excision performed for the carcinomas de- 
tected was based on earlier findings that small tumors 
with intraductal components tend to track along a ductal 
system. Santini and associates* suggest that dissemina- 
tion within the ductal system may be the reason for 
nipple-areolar complex involvement, and supports mul- 
tifocality of the neoplastic process as the main cause of 
tumor recurrence. Therefore, wide segmental excision 
was adopted for the purposes of this study. 


PATIENTS AND METHODS 


Between May 1989 and February 1990, a prospective study was 
undertaken to evaluate the effectiveness of MGFNA in the diag- 
nosis of nonpalpable breast cancers and to determine the bene- 
fit of a preoperative diagnosis in the surgical approach to these 
patients. All patients presenting to the General Surgery Clinic at 
David Grant Medical Center, Travis Air Force Base, Calif, with 
a nonpalpable mammographic mass or microcalcifications were 
requested to participate. A total of 70 patients were enrolled in 
the study. Informed consent was obtained from all study 
patients. Patient selection was not influenced by the size of the 
breast or location or size of the mammographic lesion. In patients 
with a malignancy diagnosed using MGFNA, the definitive sur- 
gical procedure for eradication of the tumor was tailored to each 
patient's desire and to the anatomic position of the tumor. All 
patients with negative or insufficient cytologic findings under- 
went a standard needle-localized biopsy. 


Mammographically Guided Fine-Needle Aspiration 
After a thorough physical examination, all patients were given 
outpatient appointments to return to the radiology suite for 
MGFNA. The radiologist graded the mammograms for suspicion 
of malignancy. Using a grid compression plate for guidance, a 
22-gauge Chiba needle was used to aspirate the lesion. The as- 
pirated material was then smeared on slides and immediately 

fixed with Saccomanno’s fixative or 95% ethanol solution. 


Cytology 
All slides were stained with Papanicolaou’s stain and evalu- 
ated by two cytopathologists. Aspirates were evaluated for 
cellularity, discohesion, cellular arrangement, nuclear- 
to-cytoplasmic ratio, nuclear characteristics, and nucleoli. Aspi- 
rates were classified as definitely malignant, highlysuggestive, 
benign, or insufficient for diagnosis. x 


bad 
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Surgical Approach 


All patients with definitely malignant or highly suggestive as- 
pirates were offered the options of modified radical mastectomy 
after confirmatory frozen section, or a wide segmental excision 
with axillary dissection only after frozen section confirmation of 
invasive carcinoma. The latter group could then choose between 
standard radiation therapy or entering protocol NSABP-21 
(comparing lumpectomy and radiation with lumpectomy alone, 
with or without tamoxifen citrate therapy) if their tumor was less 
than 1 cm’. If frozen section revealed only noninvasive carci- 
noma, axillary dissection was postponed pending examination 
of permanent sections. 

The tumors were localized for excision using the same mam- 
mographic techniques employed for the MGFNA. The radiolo- 
gist then placed a needle and/or marked the skin depending on 
the depth and location of the lesion. The segmental excision ex- 
tended radially from the nipple across the center of the tumor. 
Tumor size was estimated from its mammographic dimensions. 
The more centrally located the tumor, the wider the necessary 
pie of excision to ensure 1-cm margins on either side of the tu- 
mor. At times, the excisions approached quadrantectomies. The 
excision extended from beneath the nipple to the edge of palpa- 
ble breast tissue. Fascia and/or a skin ellipse was included, de- 
pending on the depth of the tumor and the size of the breast. The 
breast was reconstructed, if possible, with sutures placed on the 
posterior surface of the breast tissue, rolling the deep tissue into 
the defect to restore breast contour without distorting the over- 
lying skin. 


Preparation of Specimens 

The nipple end and one corner of the pie-shaped specimen 
were marked with sutures for orientation. Clips were placed on 
the superficial surface for orientation, if indicated. All specimens 
were sent for mammographic confirmation and determination of 
the mammographic margins of resection. Specimens were then 
sent for histopathologic evaluation where they were oriented 
and their surfaces inked (with three or four colors) to aid in the 
determination of microscopic margins. The ink was fixed with 
95% ethanol for 15 seconds. The specimens were then cut to de- 
termine gross margins. If sufficient tissue was available, it was 
sent to a reference laboratory for estrogen- and progesterone- 
receptor studies. The specimens were then fixed in a 10% form- 
aldehyde solution. Once fixed, care was taken to maintain ori- 
entation of the specimens. They were carefully sectioned and 
examined grossly and microscopically for multifocal tumors, in- 
traductal extension, and nipple encroachment. 


RESULTS 


During this study, 13 of 15 carcinomas were detected 
with MGFNA. Individual therapies were developed for 
these 13 patients. The average time from detection to sur- 
gical therapy was 10 days. Eight patients underwent lo- 
cal excisions and five patients underwent mastectomies. 
One patient opted for modified radical mastectomy. A 
second patient had undergone an ipsilateral lumpectomy 
with radiation therapy 5 years earlier and underwent 
mastectomy. A third patient was found to have extensive, 
gross, deep tumor invasion in her breast, and therefore 
required mastectomy. A fourth patient had a previous 
right mastectomy and, with a new left infiltrating lobular 
carcinoma, desired mastectomy. The fifth patient who 
underwent mastectomy had a small lesion, but was a poor 
candidate for radiation therapy because of her large 
breasts. The remaining eight patients all underwent wide 
segmental excisions with surgical margins free of tumor. 

Of the eight patients undergoing breast-conserving ex- 
cisions, one. changed her mind and opted for mastectomy 
after a successful (ie, clear surgical margins) wide exci- 
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sion. She had a 0.5-cm infiltrating ductal tumor with a tiny 
second satellite lesion. She was the only patient under- 
going local excision who had metastasis to her regional 
lymph nodes (two of 15 nodes). 

Two patients were found to have an extensive intra- 
ductal component with close but clear margins. One of 
these patients had two separate infiltrating tumors in the 
same ductal system (one measuring 1.5 cm and the other, 
1.0 cm). The other patient with a large intraductal 
component had a tumor that tracked up the ducts toward 
the nipple to within 0.15 mm of the specimen’s edge. Both 
patients with an extensive intraductal component under- 
went mastectomies and were found to have no residual 
tumor in their mastectomy specimens. They were con- 
sidered to have had successful segmentectomies for the 
purpose of this article. 

Of the remaining five patients, one had a tiny separate 
focus of intraductal carcinoma and another had intraduc- 
tal carcinoma tracking toward her nipple. All five patients 
had successful wide local excision and were believed to be 
good candidates for conservation therapy. Of these five 
patients, four opted for radiation therapy and one opted 
for protocol NSABP-21 and was randomized to also 
receive radiation therapy. 

Of the eight patients who underwent successful seg- 
mentectomy, the average tumor size, based on largest di- 
mensions, was 0.88 cm and ranged from 0.5 to 1.5 cm. 
Five tumors were less than 1 cm in largest diameter. The 
mean excised specimen was 7.0 cm in largest dimension, 
ranging from 3.0 to 10.0 cm. Only one patient had nodal 
metastasis. Of these same eight patients, three had a sec- 
ond separate tumor in the same ductal distribution, two 
had an extensive intraductal component, and two had in- 
traductal carcinoma tracking toward the nipple. One pa- 
tient with an extensive intraductal component had nipple 
encroachment. The second patient with an extensive in- 
traductal component had two foci of infiltrating tumor. 


COMMENT 


Mammographically guided fine-needle aspiration is a 
valuable diagnostic tool, and all patients whose mammo- 
grams are suggestive of malignant lesions should have 
this procedure performed, if available. Our findings of an 
87% sensitivity using MGFNA support the results re- 
cently published by Lofgren and colleagues? and Hann 
and associates, who had sensitivities of 92% and 91%, 
respectively. If a malignant diagnosis is obtained with 
MGFNA, the initial surgical procedure can be therapeu- 
tic rather than diagnostic. Besides making complete exci- 
sion with clear surgical margins possible, this technique 
also obviates the increased risk of wound complications 
that arise if a previous biopsy has been performed.°’ 

Determining tumor margins can in itself be fraught with 
problems. It was calculated that it would take 3000 equa- 
torial cuts of a 2-cm tumor to determine if margins of re- 
section are truly clear. To complicate matters, once a bi- 
opsy has been performed, a “lumpectomy” required 
excising the serum-filled biopsy site with its surrounding 
inflammatory process; this makes evaluating for tumor 
margins or even residual tumor very difficult if not 
impossible. A systematic segmental excision with orien- 
tation of the biopsy specimen in a standard fashion per- 
mits mapping should further excision be necessary. The 
optimal surgical approach for conservation of the breast 
has yet to be determined. Veronesi and associates,” in 
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their comparison of radical mastectomy with quadrante- 
ctomy, have yielded excellent results. However, even 
Veronesi et al,” in their most recent publication, list only 
5- and 7-year results. The technique of “lumpectomy” 
with “clear margins’? likewise has had promising 
short-term results with a less extensive local resection. 

In this study, with preoperative malignant confirma- 
tion using MGFNA, a more extensive resection of small 
tumors was performec that maintained specimen integ- 
rity for thorough histologic evaluation. Surgical margins 
free of tumor were obzained in all cases. However, despite 
an average tumor size of 0.88 cm in diameter, complex lo- 
cal disease was found in five of eight patients. During the 
initial scrutiny by the surgical community concerning 
breast-conserving surgery for breast cancers in the early 
1970s, several studies dealing with palpable breast can- 
cers demonstrated similar findings. At the time of mas- 
tectomy, Shah et al? documented that wide excision left 
residual tumor in 59% of the mastectomy specimens. 
Morgenstern and colleagues” similarly demonstrated a 
41% incidence of mu!tifocality in mastectomy specimens. 
Holland and associates,” in more recent in-depth studies 
of multifocal disease, predict that up to 9% of patients will 
have residual tumor after a segmental resection. Our re- 
sults support these findings. In addition, our findings are 
distressing in that even in nonpalpable disease, multifo- 
cality is present. 

The question remains whether detecting the initial 
breast cancer in a nonpalpable state with complete tumor 
eradication by segmentectomy will make any difference in 
survival. It was once stated that the 5-year survival rate 
after local excision alone was similar to that after mastec- 
tomy.'° Since that time, the works of Fisher et al” and 
Veronesi et al have shown that excision alone is not ad- 
equate in treating the local disease of palpable breast can- 
cers. Veronesi and colleagues” continue to claim that ra- 
diation therapy with quadrantectomy seems to have a 
protective effect on the treated breast, with more recur- 
rences in the contralateral breast over 5 and 7 years than 
in the diseased breast. However, no clear answer exists to 
the question posed by Peters” in 1967 as to whether pri- 
mary tumor eradication has any real effect on survival or 
whether the tumor has already metastasized, with sur- 
vival dependent entirely on the host’s own immune de- 
fenses. 

Prognosis with breast conservation in the face of com- 
plex local disease has only recently begun to be ad- 
dressed. Kurtz and colleagues reported that when mul- 
tifocality exists, the local recurrence rate can be expected 
to double. They also stress the necessity of clear surgical 
margins. Tumor size seems to play less of a role in 
predicting recurrence, whereas an extensive intraductal 
component is a more ominous finding.” The prognostic 
importance of local recurrence after conservative therapy 
is likewise just beginning to be investigated. The pro- 
posed “innocent form of local recurrence”” is now under 
scrutiny. It has been determined mathematically that it 
would take a 13-year study of 12 700 patients to determine 
the statistical significance in survival rate after local 
recurrence.” However, this study and other studies have 
also demonstrated that when there is local recurrence, it 
is frequently in a more advanced stage, thereby worsen- 
ing prognosis.” Stotter and associates’ concluded that 
recurrence essentially doubled the hazard for the indi- 
vidual patient. 
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In conclusion, an MGFNA-aided diagnosis of malig- 
nancy was successfully followed up by segmentectomy 
with margins free of tumor in eight of eight surgical spec- 
imens. However, even though margins were clear and the 
primary tumors were small, complex disease was seen 
with tumors as small as 0.5 cm. With this technology now 
available, MGFNA should be performed before an open 
biopsy is attempted to help plan complete eradication of 
the primary tumor. Finally, despite finding and eradicat- 
ing these tumors in an early nonpalpable stage, it will take 
clinical trials of 15 or perhaps 20 years to determine 
whether patient prognosis has indeed been improved. 


The workreported herein was performed under United States Air 
Force Surgeon General-approved clinical investigation 89-150. 
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events ranging from interstitial nephritis to acute renal 
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TORADOL® (ketorolac tromethamine) Injection is available for intramuscular (IM) administration as: 15 mg in 1 mL (1.5%), 
30 mg in 1 mL (3%), or 60 mg in 2 mL (3%) of ketorolac tromethamine in sterile solution. The 15 mg/mL solution contains 
10% (w/v) alcohol, USP. and 6.68 mg of sodium chloride in sterile water. The 30 mg/mL solution contains 10% (w/v) 
alcohol, USP, and 4.35 mg sodium chloride in sterile water. The pH is adjusted with sodium hydroxide or hydrochloric acid. 
The sterile solutions are clear and slightly yellow in color. Indications and Usage: TORADOLIM is indicated for the 
short-term management (up to 5 days) of pain. TORADOL is not recommended for longer use (more than 5 days) because of 
the possibility of increased frequency and severity of adverse reactions associated with the recommended doses (see 
WARNINGS, DOSAGE AND ADMINISTRATION and ADVERSE REACTIONS). TORADOL is not recommended as a 
preoperative medication for support of anesthesia, because it inhibits platelet aggregation and may prolong bleeding 
time (see PRECAUTIONS — Hematologic Effects) and because it possesses no sedative or anxiolytic properties. 
TORADOL is not recommended in obstetric analgesia because it has not been adequately studied for such use and 
because of the known effects of drugs that inhibit prostaglandin synthesis on uterine contraction and fetal circulation. 
TORADOL is not recommended for routine use with other nonsteroidal anti-inflammatory drugs (NSAIDs) because of the 
potential for additive side effects. TORADOL protein-binding is affected by aspirin (see PRECAUTIONS) but not by 
acetaminophen, ibuprofen, naproxen or piroxicam; studies with other nonsteroidals have not been performed. TORADOL 
has been used concomitantly with morphine and meperidine without apparent adverse effects. Contraindications: 
TORADOL should not be used in patients with previously demonstrated hypersensitivity to ketorolac tromethamine, or in 
individuals with the complete or partial syndrome of nasal polyps, angioedema, bronchospastic reactivity or other allergic 
manifestations to aspirin or other NSAIDs. Warnings: The use of parenteral TORADOL at recommended doses for more 
than 5 days is associated with an increased frequency and severity of adverse events. The most serious risks associated 
with TORADOL injection are: gastrointestinal ulcerations, bleeding and perforation (see PRECAUTIONS); renal events 
ranging from interstitial nephritis to acute renal failure (see PRECAUTIONS), especially in patients with pre-existing 
kidney problems; hemorrhage, especially in patients where strict hemostasis is critical (see PRECAUTIONS): Ayper- 
sensitivity reactions such as anaphylaxis, bronchospasm, vascular collapse, urticaria, angioedema, Stevens-Johnson 
syndrome and vesicular bullous rash. Precautions: Physicians should be alert to the pharmacologic similarity of 
TORADOL to other NSAIDs that inhibit cyclo-oxygenase. General Precautions: Risk of Gastrointestinal Ulcerations, 
Bleeding and Perforation: Serious gastrointestinal toxicity, such as bleeding, ulceration, and perforation, can occur at any 
time, with or without warning symptoms, in patients treated with NSAIDs. Studies to date with NSAIDs have not 
identified any subset of patients not at risk of developing peptic ulceration and bleeding. Except for a prior history of 
serious GI events and other risk factors known to be associated with peptic ulcer disease, such as alcoholism, smoking, 
etc., no other factors have been associated with increased risk. Elderly or debilitated patients seem to tolerate ulceration 
or bleeding less well than other individuals, and most spontaneous reports of fatal GI events are in this population. 
Postmarketing experience with TORADOLIM suggests that there may be a greater risk of gastrointestinal ulcerations, 
bleeding and perforation in the elderly. Studies so far are inconclusive concerning the relative risk of various NSAIDs in 
Causing such reactions. High doses of any such agent probably carry a greater risk of these reactions, although this is 
rarely established in controlled clinical trials. In considering the use of relatively large doses (within the recommended 
dosage range), or a treatment duration longer than 5 days (with TORADOL), sufficient benefit should be anticipated to 
offset the potential increased risk of GI toxicity. Impaired Renal or Hepatic Function: As with other NSAIDs, TORADOL 
injection should be used with caution in patients with impaired renal or hepatic function, or a history of kidney or liver 
disease. Renal Effects: As with other NSAIDs, administration of ketorolac tromethamine to animals resulted in renal 
papillary necrosis and other abnormal renal pathology. In humans, there have been reports of hematuria, proteinuria, 
glomerular nephritis, interstitial nephritis, renal papillary necrosis, nephrotic syndrome, and acute renal failure. Another, 
equally important, renal toxicity has been seen in patients with conditions leading to a reduction in blood volume and/or 
renal blood flow, where renal prostaglandins have a supportive role in the maintenance of renal perfusion. In these 
patients, administration of an NSAID may cause a dose-dependent reduction in renal prostaglandin formation and may 
precipitate acute renal failure. Patients at greatest risk of this reaction are those with impaired renal function, heart 
failure, liver dysfunction, those taking diuretics and the elderly. Discontinuation of NSAID therapy is usually followed by 
recovery to the pretreatment state. TORADOL and its metabolites are eliminated primarily by the kidneys which, in 
patients with reduced creatinine clearance, will result in diminished clearance of the drug. Therefore, TORADOL should be 
used with caution in patients with impaired renal function (see WARNINGS and DOSAGE AND ADMINISTRATION) and 
such patients should be followed closely. Fluid Retention and Edema: As with other NSAIDs that inhibit prostaglandin 
biosynthesis, fluid retention, edema, retention of NaCl, oliguria, elevations of serum urea nitrogen and creatinine have 
been reported in clinical trials with TORADOL. Therefore, TORADOL should be used with caution in patients with acute 
renal failure, cardiac decompensation, hypertension, or similar conditions. Hepatic Effects: As with other NSAIDs, 
treatment with TORADOL injection may cause elevations of liver enzymes, and in patients with pre-existing liver 
dysfunction, it may lead to the development of a more severe hepatic reaction. The ALT (SGPT) test is probably the most 
Sensitive indicator of liver injury. In patients with symptoms and signs suggesting liver dysfunction, or in whom an 
abnormal liver test has occurred as a result of TORADOL therapy, the administration of the drug should be discontinued. 
Hematologic Effects: TORADOL inhibits platelet aggregation and may prolong bleeding time. Unlike aspirin, the inhibition 
of platelet function by TORADOL disappears within 24 to 48 hours after the drug is discontinued. TORADOL does not 
appear to affect platelet count, prothrombin time (PT) or partial thromboplastin time (PTT). In controlled clinical studies 
where TORADOL was administered postoperatively, the incidence of clinically significant postoperative bleeding was 
0.4% for TORADOL compared to 0.2% in the control groups receiving narcotic analgesics. Because prostaglandins play an 
important role in hemostasis, and NSAIDs affect platelet aggregation as well, use of TORADOL in patients who have 
Coagulation disorders should be undertaken with caution, and those patients should be carefully monitored. Patients on 
therapeutic doses of anticoagulants (e.g., heparin or dicumarol derivatives) have an increased risk of bleeding complica- 
tions if given TORADOL concurrently; physicians should administer such concomitant therapy with extreme caution. The 
concurrent use of TORADOL and prophylactic, low-dose heparin (2500-5000 units q12h) has not been studied extensively, 
but may also be associated with an increased risk of bleeding. Physicians should weigh the benefits against the risk, and 
exercise caution in using such concomitant therapy in these patients. In patients who receive anticoagulants for any 
reason, there is an increased risk of intramuscular hematoma formation from TORADOLIM injections (see PRECAUTIONS 
— Drug Interactions). In postmarketing experience, postoperative hematomas and other signs of wound bleeding have 
been reported in association with the immediate perioperative use of TORADOL. Caution should be used, therefore, when 
TORADOL is administered pre- or intra-operatively. Perioperative use of TORADOLIM should be undertaken with caution 
when strict hemostasis is critical. Drug Interactions: TORADOL is highly bound to human plasma proteins (mean 99.2%) 
and binding is independent of concentration. The in vitro binding of warfarin to plasma proteins is only slightly reduced 
by TORADOL (99.5% control vs. 99.3%) with TORADOL plasma concentrations of 5 to 10 g/mL. TORADOL does not alter 
digoxin protein binding. /n vitro studies indicate that, at therapeutic plasma concentrations of salicylate (300 pg/mL), 
the binding of TORADOL was reduced from approximately 99.2% to 97.5%, representing a potential two-fold increase in 
unbound TORADOL plasma levels; hence, TORADOL should be used with caution (or at a reduced dosage) in patients 
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being treated with high-dose salicylate regimens. Therapeutic concentrations of warfarin, ibuprofe. 
naproxen, piroxicam, acetaminophen, phenytoin, and tolbutamide did not alter TORADOL protein binding. In 
study involving 12 volunteers, oral TORADOL was co-administered with a single dose of 25 mg warfarin, causing 
significant changes in pharmacokinetics or pharmacodynamics of warfarin. In another study, TORADOL was given wi 
two doses of 5000 U of heparin to 11 healthy volunteers, resulting in a mean template bleeding time of 6.4 minuti 
(3.2-11.4 min) compared to a mean of 6.0 minutes (3.4-7.5 min) for heparin alone and 5.1 minutes (3.5-8.5 min) for placeb 
Although these results do not indicate a significant interaction between TORADOL and warfarin or heparin, th 
administration of TORADOL, or other NSAIDs, to patients taking anticoagulants should be done with caution and patien 
should be closely monitored (see PRECAUTIONS — Hematologic Effects). TORADOL reduced the diuretic response | 
furosemide in normovolemic healthy subjects by approximately 20% (mean sodium and urinary output decreased 17% 
Concomitant administration of TORADOL and probenecid resulted in decreased clearance of ketorolac and significai 
increases in ketorolac plasma levels (total AUC increased approximately 3-fold from 5.4 to 17.8 ug'h/mL} and termin 
half-life (increased approximately 2-fold from 6.6 to 15.1 hours). Inhibition of renal fithium clearance, leading to z 
increase in plasma lithium concentration, has been reported with some prostaglandin synthesis inhibiting drugs. Th 
effect of TORADOL on plasma lithium has not been studied. Concomitant administration of methotrexate and som 
NSAIDs has been reported to reduce the clearance of methotrexate, enhancing the toxicity of methotrexate. The effect c 
TORADOL on methotrexate clearance has not been studied. In postmarketing experience, there have been three reports c 
a possible interaction between TORADOL and izing muscle relaxants, appearing to enhance the effect c 
the muscle relaxant. The concurrent use of TORADOL with muscle relaxants has not been formally studied. TORADOL ha 
been administered concurrently with morphine in several clinical trials of postoperative pain without evidence o 
adverse interactions. There is no evidence, in animal or human studies, that TORADOL induces or inhibits hepatic enzyme 
capable of metabolizing itself or other drugs. Carcinogenesis, Mutagenesis, and Impairment of Fertility: An 18-montl 
study in mice at oral doses of ketorolac tromethamine equal to the parenteral MRHD (Maximum Recommended Humai 
Dose) and a 24-month study in rats at oral doses 2.5 times the parenteral MRHD, showed no evidence of tumorigenicity 
Ketorolac tromathamine was not mutagenic in tests performed with S. typhimurium, S. cerevisiae, or E. coli. Ketorolac dit 
not cause chromosome breakage in the in vivo mouse micronucleus assay. Impairment of fertility did not occur in male o 
female rats at oral doses of 9 mg/kg (4.5 times the parenteral MRHD) and 16 mg/kg (8 times the parenteral MRHD} 
respectively. Pregnancy: Pregnancy - Category B: Reproduction studies have been performed in rabbits, using daily ora 
doses equal'ta 3.6 mg/kg (1.8 times the parenteral MRHD) and, in rats, equal to 10 mg/kg (5 times the parenteral MRHD} 
respectively, and did not reveal evidence of harm to the fetus. Ketorolac tromethamine caused delayed parturition an 
dystocia in rats at oral doses higher than the parenteral MRHD, like other inhibitors of prostaglandin synthesis. There are 
however, no adequate and well-controlled studies in pregnant women. Because animal reproduction studies are no 
always predictrve of human response, this drug should be used during pregnancy only if clearly needed and no knowt 
safer alternatives are available. Labor and Delivery: TORADOL is not recommended for use during labor and delivery (see 
INDICATIONS). Lactation and Nursing: After a single oral administration of 10 mg of TORADOL to humans, the maximun 
milk concentration observed was 7.3 ng/mL and the maximum milk-to-plasma ratio was 0.037. After one day of dosing 
(qid), the maximum milk concentration was 7.9 ng/mL and the maximum milk-to-plasma ratio was 0.025. Caution shoulc 
be exercised wnen TORADOL is administered to a nursing woman. Pediatric Use: Safety and efficacy in children have not 
been established. Therefore, TORADOL is not recommended for use in children. Use in the Elderly: Because ketorolac 
tromethamine is cleared somewhat more slowly by the elderly, who are also more sensitive to the renal effects of NSAIDs 
(see PRECAUTIONS — Renal Effects), extra caution and reduced dosages (see DOSAGE AND ADMINISTRATION) should be 
used when treating the elderly with TORADOL. Adverse Reactions: TORADOLIM is indicated for short-term use. 
Physicians, using TORADOL Injection, should be alert for the usual complications of NSAID treatment, and should be 
aware that with longer use (exceeding 5 days) of TORADOL, the frequency and severity of adverse reactions may increase. 
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A Prolongation of Hepatic Vascular Exclusion by In Situ 
Hypothermic Perfusion in Dogs 


Toshihiko Takeuchi, MD; Hiroto Egawa, MD; Yoshio Yamaoka, MD; Yoshiro Taki, MD; Junichi Ueda, MD; 
Yasuhiko Konishi, MD; Naritaka Yamamoto, MD; Ryuzaburo Kagawa, MD; Masanobu Washida, MD; 
Ryoji Okamoto, MD; Kaoru Kumada, MD; Kazue Ozawa, MD 


è In situ hypothermic hepatic perfusion was performed in 
dogs to explore whether the time limit of hepatic vascular 
exclusion could be prolonged. During hepatic vascular ex- 
clusion, hepatic hypothermic perfusion was performed via 
portal vein using various perfusates under active bypass 
from the portal vein and infrahepatic inferior vena cava area 
to the superior vena cava system. Dogs receiving hepatic 
hypothermic perfusion for 1 hour died when given Ringer’s 
solution but survived more than 7 days when given Euro- 
Collins’ and University of Wisconsin solutions. Although 
dogs tolerated 2 hours of hepatic hypothermic perfusion 
when give University of Wisconsin solution, all dogs died by 
2 hours of hepatic hypothermic perfusion when given 
Euro-Collins’ solution. The hepatic energy charge and arte- 
rial ketone body ratio of dogs that died were significantly 
lower than for those that survived. This suggests that the 
regimen of hepatic hypothermic perfusion with University 
of Wisconsin solution is able to maintain the energy metab- 
olism of the liver under hepatic vascular exclusion for pro- 
longed periods, hence, its possible clinical application. 
(Arch Surg. 1992;127:427-431) 


H epatic vascular exclusion (HVE), reported by Heaney 
et al,! is a technique widely adopted for major he- 
patic resection?? because it permits the safe removal of 
huge or posterior liver tumors without fear of massive 
bleeding. During HVE, however, the liver is invariably 
exposed to warm ischemic insult. Huguet et al’ and Delva 
et alt have shown that the duration of HVE application can 
be safely extended up to 65 minutes in humans. If an op- 
eration involves the reconstruction of major vessels, 
however, a longer period of HVE may be required. Other 
researchers have also suggested that the time limit pro- 
posed by Huguet and coworkers may not be directly ap- 
plicable to the cirrhotic liver.° 
Recent progress in organ preservation, to which the 
University of Wisconsin (UW) solution®’ has contributed 
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significantly, has made liver transplantation a semielec- 
tive operation.’ In this study, we applied the organ pres- 
ervation technique to HVE to extend the period of HVE 
using various preservation solutions, including Ringer's, 
Euro-Collins’, and UW. The advantage of cold in situ 
preservation using the UW solution during HVE was re- 
vealed. 


MATERIALS AND METHODS 


Adult mongrel dogs of both sexes, weighing 10 to 15 kg, were 
used. Each dog was made to fast with free access to water for 12 
hours before experiment. Anesthesia was induced by intrave- 
nous administration of ketamine hydrochloride (5 mg/kg body 
weight). An endotracheal tube was installed and ventilation was 
maintained by a positive-pressure ventilator, using room air plus 
additional oxygen to maintain a satisfactory level of arterial sat- 
uration. Muscular relaxation was obtained with pancuronium 
bromide (0.2 mg/kg). 

Arterial blood pressure was monitored directly through a 
catheter inserted into the right carotid artery. An electrolyte so- 
lution containing 5% glucose was infused intravenously at a rate 
of about 1 mL:kg~!-min™! to prevent hypoglycemia and hypo- 
volemia during the experiment. Metabolic acidosis was neutral- 
ized with sodium bicarbonate. Dobutamine hydrochloride was 
administered as needed to maintain the systolic pressure at 
40 pg-kg-*-min~' maximum. 


Operative Procedures 


The abdomen was opened with a median incision. All liga- 
ments and gastrohepatic omentum to the left of the common bile 
duct were ligated and dissected, until the liver was completely 
separated from the surrounding ligaments and tissue, except for 
the major vasculature and common bile duct. A preliminary 
study showed that HVE without a venovenous bypass leads to 
severe hemodynamic instability, resulting in death; therefore, an 
active venovenous bypass system (Biopump, Bio-Medicus Inc, 
Minnetonka, Minn)’ was used in this study for portal and infe- 
rior vena caval (IVC) venous decompression. 

After satisfactory bypass flow was established (300 mL/min or 
more) and 30 U/kg of heparin sodium was administered system- 
ically, HVE was induced by clamping the portal vein and hepatic 
artery at the level of the hepatoduodenal ligament and by 
clamping the IVC below and above the liver (>600 mL/min by- 
pass flow was gained during HVE). Hepatic perfusion was per- 
formed through a tube inserted into the portal vein via the py- 
loric vein, and the liver was drained through a tube inserted into 
the IVC (Fig 1). 
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Fig 1.— Schema of the hepatic perfusion under hepatic vascular ex- 
clusion with active shunt. A drainage tube for the perfusate was in- 
serted into the inferior vena cava (IVC) via cavotomy. Biopump is an 
active venovenous bypass system (Bio-Medicus Inc, Minnetonka, 
Minn). EJ indicates external jugular vein; FV, femoral vein; P, portal 
vein; SV, splenic vein; and HA, proper hepatic artery. 


The liver was perfused with perfusate chilled to 4°C at a rate 
of 80 mL/min at a pressure of 100 cm H,O until the temperature 
of the liver surface dropped below 20°C. The flow rate was then 
decreased to 15 mL/min by reducing the perfusion pressure to 
maintain the surface temperature between 18°C and 22°C. The 
surface temperature in the group without perfusion was 
35.8°C+0.7°C before HVE and 34.4°C+1.0°C after 1 hour of HVE. 

In this study, survival was defined as survival longer than 7 
days. Dogs that survived more than 7 days were killed in the next 
week of operation. 


Experiment 1 


Dogs were divided into four groups consisting of five dogs se- 
lected at random. Following the above-mentioned procedures, 
dogs underwent HVE for 1 hour with or without cold perfusion. 
Group Cl underwent HVE without cold liver perfusion and 
served as controls. In groups R1, E1, and U1, the liver was per- 
fused with Ringer’s solution, Euro-Collins’ solution,!° and UW 
solution,’ respectively, during HVE. Because all dogs in groups 
E1 and U1 survived, a second experiment was undertaken. 


Experiment 2 


In this experiment, the groups also consisted of five dogs each, 
but the duration of HVE was extended to 2 hours. In groups E2 
and U2, the liver was perfused with Euro-Collins’ and UW so- 
lutions, respectively, during HVE. Because there was 100% sur- 
vival in group U2, a further experiment was done with group U3, 
consisting of another five dogs, which underwent 3-hour HVE, 
cooling the liver with the UW solution. 
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Survival Rate of Each Group* 
Experiment 2 





Experiment 1, 
1 h HVE 


1/5 (C1) 





Solution 2 h HVE 3 h HVE 






None (control) 











Lactated Ringer’s 0/5 (R1) 
Euro-Collins’ 5/5 (E1)t 0/5 (E2) 
Modified UW 5/5 (U1)t 5/5 (U2)+ 1/5 (U3) 






*HVE indicates hepatic vascular exclusion; UW, University of 
Wisconsin solution. Group numbers are given in parentheses. 

tP<.05 compared with group C1, R1, or E2, x? test. 

+P<.05 compared with group E2 or U3, x? test. 


Experiment 2’ 


Additional groups of 3 dogs each underwent the same 
procedures as groups E2 and U2 for determination of the energy 
charge of the liver (Energy charge = [adenosine triphosphate +0.5 
adenosine diphosphate]/[adenosine triphosphate+adenosine 
diphosphate + adenosine monophosphate]""). They were called 
groups E2’ and U2’. 

In this experiment, a modified UW solution was used in which 
potassium lactobionate, potassium hydroxide, and monobasic 
potassium phosphate were replaced with sodium lactobionate, 
sodium hydroxide, and dibasic sodium phosphate, respectively, 
in Belzer’s formula.*’” The components of the solution were 100 
mmol/L of sodium lactobionate, 25 mmol/L of dibasic sodium 
phosphate, 5 mmol/L of adenosine, 5 mmol/L of magnesium 
sulfate, 3 mmol/L of glutathione, 30 mmol/L of melitose, 1 
mmol/L of allopurinol, 8 mg of dexamethasone, 100 U of insu- 
lin, and 54 g of hydroxyethyl starch per liter. The solution was 
neutralized at pH 7.4 with sodium hydroxide and filter sterilized 
with about 2 mmol/L of potassium and about 160 mmol/L of so- 
dium. 

Euro-Collins’ solution (Midori Juji Co, Kyoto, Japan) was pre- 
pared to 10% glucose concentration just before use. In groups E1 
and E2, the liver was flushed with 300 mL of Ringer’s solution 
before recirculation. 

During the experiment, rectal temperature was carefully 
maintained above 26°C by a warm mat. The peritoneal cavity was 
lavaged with a 40°C saline solution before recirculation after the 
cavotomy for perfusate drainage was closed with 6-0 nylon. Ac- 
tive bypass was removed within 5 minutes after recirculation in 
all cases. 

Arterial blood samples were obtained at 5, 10, 15, and 30 min- 
utes, and 1, 2, 3, 4, 5, and 6 hours after recirculation for evalu- 
ation of hepatic energy metabolism. The concentrations of ace- 
toacetate,'° 3-hydroxybutyrate,'* and lactate! were measured 
enzymatically by methods reported elsewhere. The arterial ke- 
tone becy ratio (AKBR) was calculated as the ratio of acetoace- 
tate to 3-hydroxybutyrate in arterial blood. 

For the assay of adenine nucleotides, the liver was freeze 
clamped in situ with stainless-steel tongs precooled with liquid 
nitrogen. The amounts of adenosine triphosphate, diphosphate, 
and monophosphate were measured enzymatically.!°"” 

Data are expressed as mean+SEM. Statistical analysis was 
done by using either the Wilcoxon test or x? test. P<.05 was 
considered significant. 


RESULTS 
Experiment 1 


The Table gives the overall survival rates. Four dogs in 
group C1 and all dogs in group R1 died within 11 hours 
after recirculation. By contrast, all dogs in groups E1 and 
U1 survived in satisfactory condition until they were 
killed. 

Figure 2, top, shows the changes in AKBR in each 
group. In groups E1 and U1, the AKBRs were elevated 
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Fig 2.—Changes in arterial ketone body ratio (AKBR; top), blood 
lactate level (center), and serum lactate dehydrogenase level (LDH; 
bottom) after 1 hour of hepatic vascular exclusion (HVE; experiment 
1). Solid lines indicate the values of group E1 or U1; broken lines, 
those of group C1 or R1; asterisk, P<.05, group E1 or U7 vs group 
C1; dagger, P<.05, group E1 or U1 vs group R1; and number sign, 
P<.05, group R1 vs group C1. 


immediately after recirculation to above 1.5 and were 
maintained above this level for several hours. In groups 
C1 and R1, however, although the AKBRs were restored 
to the control values at 30 minutes after recirculation, they 
tended to decrease gradually. The AKBRs in groups E1 
and U1 were significantly higher than those in groups Cl 
or R1 throughout almost all phases after recirculation 
(P<.05). No significant difference was noted between 
groups El and U1. 

Blood lactate levels were significantly elevated during 
HVE. In groups E1 or U1, they were restored to the con- 
trol level at 6 hours after recirculation (Fig 2, center). 

The serum lactate levels in groups E1 and U1 were vir- 
tually unchanged throughout the experiment, although 
they were significantly elevated in group C1 and moder- 
ately elevated in group R1 (Fig 2, bottom). 


Experiment 2 


As shown in the Table, all dogs in group U2 survived 
with normal behavior, while all dogs in group E2 and four 
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Fig 3.— Changes in arterial ketone body ratio (AKBR; top), blood 
lactate level (center), and serum lactate dehydrogenase level (LDH; 
bottom) after 2 or 3 hours of hepatic vascular exclusion (HVE; 
experiment 2). Solid line indicates the value of group U2; broken 
lines, those of group E2 or U3; asterisk, P<.05, group U2 vs group 
E2; dagger, P<.05, group U2 vs group U3; and double dagger, 
P<.05, group U3 vs group E2. 


dogs in group U3 died within 13 hours. Figure 3, top, 
shows the changes in the AKBR after recirculation in 
groups E2, U2, and U3. In group U2, the AKBR was el- 
evated to above 1.5 immediately after recirculation and 
maintained above this level for 4 hours. By contrast, the 
AKBRs in groups E2 and U3 were significantly sup- 
pressed as compared with that in group U2 throughout 
almost all phases after recirculation (P<.05). 

Figure 3, center, shows the changes in serum lactate 
level in these groups. It was restored to the control level 
only in group U2. As shown in Figure 3, bottom, the se- 
rum lactate dehydrogenase level in group U2 remained 
low throughout the experiment. 


Experiment 2’ 


In groups E2’ and U2’, the energy charge was decreased 
from 0.832+0.040 and 0.826+0.048 to 0.490+0.011 and 
0.480+0.007, respectively, at 30 minutes after induction of 
HVE. At 15, 30, and 60 minutes after recirculation, it was 
restored to0.764+0.005, 0.823+0.012, and 0.824+0.008 in 
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Fig 4.— Changes in liver tissue energy charge (EC) after 2 hours of 
hepatic vascular exclusion (HVE; experiment 2'). Solid line indicates 
the value of the group receiving 2 hours of perfusion with Univer- 
sity of Wisconsin solution (group U2); broken line, that of the group 
receiving 2 hours of perfusion with Euro-Collins’ solution (group 
E2); and asterisk, P<.05. 


group U2’, while it was kept suppressed to 0.609+0.010, 
0.670+0.029, and 0.747+0.019 in group E2’ as compared 
with values in group U2’ (P<.05; Fig 4). 


COMMENT 


The in situ hepatic hypothermic perfusion method was 
first reported in 1971 by Fortner et al,'*'° who perfused the 
liver with Ringer’s solution chilled to 4°C under total 
HVE. Hepatic hypothermic perfusion, however, has 
drawn little attention, ever since Huguet et al? and other 
researchers*” reported that the human liver can tolerate 
normothermic ischemia resulting from HVE up to 65 
minutes. Although Huguet’s method is an attractive one 
primarily owing to its simplicity, the need still exists for 
a method that will allow for longer periods of HVE appli- 
cation as required by procedures such as removal and re- 
construction of the IVC and removal of tumor thrombi in 
the hepatic vein and/or IVC. A longer period of isolation, 
as hepatic hypothermic perfusion would conceivably al- 
low, could relieve the time constraints, for an accurate and 
unhurried operation. Recently, Pichlmayr et al” reevalu- 
ated this method with HTK-Bretschneider (cardioplegic) 
solution in selected cases. 

As shown in experiment 1, cold perfusion with Ringer’s 
solution, as used by Fortner et al,’ had virtually no 
beneficial effect in maintaining liver viability during HVE 
in our setting. While Euro-Collins’ solution could pre- 
serve the liver longer than Ringer’s solution, the extended 
period was not substantial. Additionally, in the use of in 
situ hepatic perfusion in clinical liver resection, contam- 
ination of the systemic circulation during hepatic perfu- 
sion remains a major risk factor, since Euro-Collins’ solu- 
tion contains a high concentration of potassium. By 
contrast, the modified UW solution used in this study, in 
which the potassium and sodium concentrations were 
inverted,” could greatly prolong the duration of HVE 
without elevating the blood potassium concentration af- 
ter recirculation, as shown in experiment 2. 

The redox state of liver mitochondria (ratio of free ox- 
idized to reduced nicotinamide-adenine dinucleotide), 
one of the fundamental measures regulating energy pro- 
duction in the hepatocyte,” is directly reflected by the 
AKBR,” the ratio of acetoacetate to 3-hydroxybutyrate in 
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the arterial blood. Because of its ability to reflect the 
energy-producing capability of liver mitochondria, AKBR 
has received considerable attention as a potential indica- 
tor of liver metabolism™ and has been used to monitor 
critically ill patients suffering from shock of various 
causes™®™ and multiple organ failure.” In the liver trans- 
plantation field, we have demonstrated experimentally 
and clinically that a clear relationship exists between the 
ability of the liver graft to maintain AKBR after recircula- 
tion and the early transplant outcome.**”? In the surviv- 
ing greups in this study, the AKBR showed a transient but 
significant increase over the control values, indicating 
that hepatic mitochondria attain a greater state of oxi- 
dization after recirculation than before induction of is- 
chemia. Although the precise mechanism remains to be 
clarified, this transient enhancement of hepatic mitochon- 
drial oxidation seems to contribute to the swift recovery 
of the hepatic energy charge in the early stages after re- 
circulation, the normalization of which is essential to 
maintain the integrity of hepatocytes. 

University of Wisconsin solution is based on lactobion- 
ate and melitose as impermeants to suppress 
hypothermia-induced cell swelling.” Its superiority to all 
existing cold storage solutions has been demonstrated re- 
peatedly,°* the most recent report, by Gulik et al,*! show- 
ing the possibility of preserving the liver for over 72 hours 
in dogs. In our study, the extension of the vascular occlu- 
sion period enabled by the solution was not as remarkable 
as we had expected. This may be explained in part by the 
fact that the temperature of the liver during cold perfusion 
was still too high to suppress the energy-consuming pro- 
cesses in the liver completely. In this regard, the method 
would more accurately be called hypothermic perfusion. 
A preliminary study showed that excessive cooling of the 
liver during HVE resulted in severe hemodynamic insta- 
bility and death of the dogs; therefore, the surface 
temperature of the perfused liver was adjusted to around 
room temperature in the present study. To extend the 
HVE time by this in situ perfusion method, effective 
means of thermal isolation that will allow the cooling of 
the liver without affecting body temperature must also be 
devised. 

Our study demonstrates the possibility of applying he- 
patic hypothermic perfusion with UW solution to pre- 
serve the liver in situ for the longer periods required to 
perform more complicated and time-consuming surgery 
under HVE. 


This work was supported in part by grants from the Scientific Re- 
search Fund of the Ministry of Education and by a Grant-in-Aid for 
Cancer Research from the Ministry of Health and Welfare, Japan. 
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Predictors of Intracranial Carotid Artery Atherosclerosis: 
Duration of Cigarette Smoking and Hypertension 
Are More Powerful Than Serum Lipid Levels 


Timothy J. Ingall, MBBS, PhD; Daniel Homer, MD; 
Hillier L. Baker, Jr, MD; Bruce A. Kottke, MD, PhD; 
W. Michael O'Fallon, PhD; Jack P. Whisnant, MD 


The effect of cigarette smoking on intracranial internal carotid artery atherosclero- 
sis (ICAS) was studied by obtaining cigarette smoking histories and data on other 
potential predictors, including serum lipid estimations, for consecutive patients 
undergoing carotid arteriography. The duration of cigarette smoking was the most 
significant independent predictor of the presence of ICAS. Other independently 
significant predictors of ICAS were hypertension, diabetes mellitus, and current 
systolic blood pressure. The interaction of diabetes and duration of smoking was 
a significant negative predictor. In patients for whom serum lipid values were 
available, lower levels of apolipoprotein A-I were associated with a higher risk of 
having ICAS. However, the effect of apolipoprotein A-I as a predictor of the pres- 
ence of ICAS was far outweighed by the effects of duration of smoking and hyper- 


tension. (Arch Neurol. 1991;48:687-691). 
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Original Article 


Image-Guided Aspiration of Solitary Occult Breast ‘Cysts’ 


Jack E. Meyer, MD; Roger L. Christian, MD; Thomas H. Frenna, MD; Marian R. Sonnenfeld, MD; 
Ellen D. Waitzkin, MD; Kitt Shaffer, MD 


è During the 30-month period from March 1, 1988, 
through August 31, 1990, image-guided aspirations of 183 
solitary occult breast masses, which were considered pos- 
sible cysts, were performed. Indications for aspiration 
included (1) mass on mammography, either invisible on ul- 
trasonography or with features atypical of a cyst, in 111 
patients; (2) enlarging solitary mass on mammography with 
ultrasonic features suggesting a cyst in 45 patients; and 
(3) mammographic mass with features typical of a cyst in 27 
patients, with confirmation requested by the referring phy- 
sician . Of the group, 151 (83%) lesions were fluid-filled and 
32 (17%) were solid. All aspirates had normal cytologic 
features. Of the 32 aspirates found to be solid, 19 were 
subsequently removed after wire localization and 13 were 
unchanged on mammography for a minimum of 6 months 
after aspiration. This is a simple and safe procedure, 
confirming the innocuous nature of an occult solitary breast 
cyst, and obviates the need for surgical biopsy. 
(Arch Surg. 1992;127:433-435) 


a widespread use of mammography in symptomatic 
and screening populations has resulted in an increas- 
ing discovery of occult breast lesions, a substantial pro- 
portion of which are benign. On mammography, a typi- 
cal cyst presents as a smoothly marginated, round or oval 
mass. Most often, however, the adjacent breast tissue 
obscures a portion of the margin (Fig 1, left), or pericystic 
inflammation causes the outline to be indistinct or irreg- 
ular. Supplementary ultrasound is necessary to confirm 
the mammographic suspicion that an occult mass is a cyst. 
On ultrasonography, a simple cyst is a well- 
circumscribed anechcic mass with smooth borders and 
posterior wall enhancement (Fig 1, right). In addition, 
cysts are compressible, may be septated, and often have 
refractive shadowing posterior to the lateral margins.! 
Unfortunately, these classic features are not always 
present, most often because the proteinaceous debris 
present in many cysts is mildly echogenic. In addition, the 
entire cyst wall may not be smooth or the mass may be 
invisible sonographically because of its size and/or depth 
in a fatty breast. A solitary mass on mammography is 
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viewed with more concern by the radiologist when the 
findings on ultrasonography are not typical of a cyst. 

The surgical staff at our institution does not routinely 
use image-guided aspirations of solid occult lesions for 
diagnostic purposes, but opt for a wire-guided excisional 
biopsy specimen for complete evaluation. When there is 
any suspicion that a solitary mass is a cyst, however, a 
guided aspiration procedure by the radiologist is often 
requested. Using this approach, we have obviated the 
need for surgical biopsy or more intensive mammo- 
graphic follow-up in this group of patients. 


MATERIALS AND METHODS 


During the 30-month period from March 1, 1988, through Au- 
gust 31, 1990, image-guided (ultrasonography or roentgenogra- 
phy) aspirations of 187 solitary occult breast masses were 
performed in the Breast Imaging Division of Brigham and Wom- 
en’s Hospital, Boston, Mass. Follow-up evaluation for a mini- 
mum of 6 months was available in 183 of the patients. 

Indication for aspiration included (1) a mass on mammogra- 
phy, either invisible on ultrasonography or with features atyp- 
ical of a cyst, in 111 patients; (2) an enlarging mass on mammog- 
raphy with ultrasonic features suggesting a cyst in 45 patients; 
and (3) mammographic mass with features typical of a cyst on 
ultrasonography in 27 patients, with confirmation requested by 
the referring physician. 

Patients ranged in age from 30 to 82 years (mean, 46.3 years; me- 
dian, 47.6 years). Of the group, 134 (73%) were aged 40 to 55 years, 
with 13% younger than 40 years and 14% older than 55 years. The 
lesions ranged from 0.5 to 4.0 cm (mean, 1.5 cm; median, 1.7 cm). 

Aspiration was guided with ultrasound (Fig 2) in 90 patients and 
with roentgenography (Fig 3) in 93 patients.* For smaller, deeply 
seated lesions or in women with pendulous or flaccid breasts, the 
fenestrated compression plate available on most dedicated mam- 
mographic units was used for breast immobilization.’ The aspira- 
tion was then guided with either roentgenography or ultrasound, 
although the former is usually easier and more accurate. 

For lesions less than 3 cm deep, a 21-gauge, 3.5-cm needle was 
used and attached to a 10-mL syringe either directly or by way of a 
connecting tube. For deeper lesions, a 5- or 7-cm, 20-gauge needle 
was used. If fluid was removed, it was forwarded to a cytopathol- 
ogist. Ifnofluid was obtained, a cellular aspirate was performed. No 
local anesthesia was employed. Confirmation of deflation was doc- 
umented either radiographically or with ultrasound. 


RESULTS 


Of the 183 lesions, 151 (83%) were fluid-filled and de- 
flated to a minimum of 75% of original volume. The 
remainder were considered solid and were either re- 
moved surgically or followed up radiographically. Of the 
19 lesions that were removed after wire localization, seven 
were fibroadenomas, 11 showed fibrocystic change, and 
one was a tubular adenoma. Lobular carcinoma in situ 
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Fig 1.—Left, Oblique right mammogram shows a 2.2-cm oval subareolar mass, partially obscured by adjacent parenchyma (arrows). Right, 


Contact ultrasound study demonstrates the mass to be a typical cyst. 





Fig 2.—Left, A solitary 1.2-cm mass found on mammography has ultrasound features of an atypical cyst. The walls are mildly irregular and 
lobulated in this nearly anechoic mass (arrows). Right, Ultrasound-guided percutaneous aspiration yielded 1.4 mL of yellow fluid. A sub- 
sequent examination showed no residual mass. 


was an incidental finding in one of the biopsy specimens. 
Four patients required a second aspiration and one 
underwent localization and excision of fibrocystic change 
after a third reaccumulation of the same cyst. There were 
no clinically significant hematomas or breast infections as 
a result of the procedure. No aspirates were considered 
suggestive of malignancy on cytopathologic examination. 


COMMENT 


The formation of breast cysts is most common between 
ages 35 and 50 years, with a marked reduction after 
menopause. Haagensen‘ defines cysts smaller than 3 mm 
as microcysts and those larger than 3 mm as gross cysts. 
He found gross cystic disease to occur in about 7% of his 
patients. An autopsy study showed nearly 20% of 
asymptomatic women had cysts 1 mm or larger.’ 
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Cysts may be multiple, solitary, palpable, and/or occult. 
With the marked increase in screening mammography, an 
occult mass representing a solitary cyst may become a diag- 
nostic and therapeutic dilemma for the radiologist and sur- 
geon. This becomes more problematic when the mass has 
features either atypical of a cyst on ultrasonographic exam- 
ination or is invisible sonographically. The three options at 
this point are to (1) follow up the lesion with mammography, 
(2) remove the lesion surgically after wire localization, or 
(3) perform an image-guided aspiration to confirm that the 
mass is a cyst. In experienced hands, an image-guided as- 
piration can be performed in less than 15 minutes. At least 
two aspirations should be attempted before assuming the le- 
sion is solid and performing a cellular aspirate. 

Fourteen percent of patients in this series were older 
than 55 years. Most cystic change regresses after meno- 
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Fig 3.— Top, An occult lobulated 8-mm mass was found on routine 
screening mammography (arrow). Center, Ultrasound evaluation 
showed the mass to be hypoechoic with indistinct borders, not 
typical of a cyst (arrow). Bottom, Mammographically guided aspira- 
tion yielded 0.9 mL of turbid brown fluid. The mass completely re- 
solved after puncture. 


pause; however, estrogen replacement in this age group 
may cause cysts to recevelop.° Nearly 80% of these 25 pa- 
tients older than 55 years were postmenopausal and were 
taking hormone replacement therapy. 

Many authorities in surgery consider cytologic evalua- 
tion of fluid removed from palpable cysts to be unneces- 


sary.” The unusually low incidence of cystic malignant 
breast tumors does not justify routine cytologic examina- 
tion, except in specific circumstances.’ These include a 
bloody aspirate, a residual mass after aspiration, or a 
prompt recurrence of a mass after successful aspiration. 
However, since the radiologist functions as a consultant 
and is dealing with occult masses, our policy is to 
routinely send aspirated fluid to a cytopathologist for 
evaluation, with the understanding that this is a very 
low-yield effort. Our routine recall recommendation for 
unilateral mammography after successful aspiration is 6 
months. 

As a referral hospital, a number of patients present 
with solitary masses that are likely cysts, but have an 
atypical ultrasound appearance suggesting the lesion 
may be solid. Many of these were considered worri- 
some by the initial radiologist who interpreted the ex- 
amination and recommended a wire localization and 
biopsy. This sequence of events may result in the per- 
cutaneous deflation of an occult mass at the time of 
wire localization and cancellation of the planned bi- 
opsy.’ During this study, an additional 37 patients had 
a solitary mass too small or deep within the breast to 
be accurately assessed with ultrasonography. Each of 
these masses was confirmed to be a cyst when punc- 
tured with the needle before a proposed wire localiza- 
tion. 

To help separate atypical cysts from solid lesions, we 
offer image-guided (roentgenography or ultrasonogra- 
phy) aspiration before scheduling wire localization. The 
procedure is safe and accurate and, in most instances, 
obviates the need for close follow-up or biopsy. 
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Anatomical Axiom 


When seeking cutaneous nerves in the limbs, one should think vertically 
and act vertically—not horizontally—because the border is constant, 
whereas the level is inconstant. 
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Dr. Aliza Lifshitz, Internist, Los Angeles, California, Member, American Medical Association 


Patients come to physicians for many reasons. 
Beyond relief from pain, they seek compassion, 
empathy and support. AIDS patients receive all of 
these and more from Dr. Aliza Lifshitz. 


Born and raised in Mexico and educated at one of 


Mexico City’s finest medical schools, Dr. Lifshitz now 
serves the Hispanic community in Southern California. 
Over a third of her patients have tested HIV positive. 
Most live below the poverty level. Many are illegal aliens. 
“I never forget what it means to be a doctor, and 
what it means is embodied in the Principles of Medical 


Ethics of the American Medical Association (AMA),” 
states Dr. Lifshitz. 

Dr. Lifshitz is a testament to what is best in 
medicine. She is also a member of the AMA. If you 
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Original Article 


Angiotensin and Adrenoceptors in the Hemodynamic 
Response to Aortic Cross-clamping 


Sun-Ae Hahm Hong, MD; Simon Gelman, MD, PhD; Todd Henderson 


@ This study was designed to test the hypothesis that acti- 
vation of adrenoceptors and/or the renin-angiotensin sys- 
tem plays an important role in the overall hemodynamic 
response to aortic cross-clamping. The experiments were 
performed on anesthetized rats pretreated with either saline 
(control group), an angiotensin-converting enzyme inhibi- 
tor (enalapril maleate, 2 mg/kg), an a,-adrenergic antago- 
nist (prazosin hydrochloride, 0.5 mg/kg), a B-adrenergic 
antagonist (propranolol hydrochloride, 5 mg/kg), or an 
a adrenergic antagonist (atipamezole, 5 mg/kg). Cross- 
clamping of the thoracic aorta was associated with an ex- 
pected increase in mean arterial pressure and systemic vas- 
cular resistance in all animals. During the period of cross- 
clamping, cardiac output gradually decreased in all groups. 
Animals pretreated with the a-adrenergic antagonist or the 
angiotensin-converting enzyme inhibitor developed hyper- 
tension of a lesser degree than the control animals, while 
rats pretreated with the B-adrenergic or a,-adrenergic an- 
tagonist demonstrated a greater arterial hypertension than 
the control animals. The possible mechanisms underlying 
the observed differences are discussed. In conclusion, the 
present study confirms the posed hypothesis that the renin- 
angiotensin and sympathetic nervous systems play an im- 
portant role in hemodynamic response to cross-clamping of 
the thoracic aorta. 
(Arch Surg. 1992;127:438-441) 


ross-clamping of the thoracic aorta is associated with 
dramatic arterial hypertension.’” It is believed that 
arterial hypertension is due to an increase in impedance 
to aortic flow and systemic vascular resistance,** as well 
as to an increase in preload, resulting from blood volume 
redistribution from the lower part to the upper part of the 
body.** However, recent experiments with cross- 
circulation demonstrated that blood drawn from the infe- 
rior caval vein of an animal with a cross-clamped aorta and 
then pumped into the venous system of another animal 
caused arterial hypertension in the second animal despite 
the fact that neither impedance to aortic flow nor blood 
volume in this second animal changed.’ These experi- 
ments demonstrated that blood draining the ischemic tis- 
sues below the aortic clamp contained vasoactive con- 
stricting compounds. Aortic cross-clamping is associated 
with substantial increases in the concentrations of epi- 
nephrine and norepinephrine” and in renin activity.'’” 
Experiments on isolated limb preparation in dogs dem- 
onstrated that blood drawn from the inferior caval vein 
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and then pumped with constant flow through an oxy- 
genator into the isolated limb caused an increase in 
peripheral vascular resistance and perfusion pressure in 
the isolated limb. Such an increase was abolished with an 
angiotensin-converting enzyme (ACE) inhibitor or an 
a-adrenoceptor antagonist.’ 

Thus, it has been demonstrated that cross-clamping of the 
thoracic aorta is associated with an increase in catecholamine 
release and activation of the renin-angiotensin system. More- 
over, it was demonstrated that these hormonal responses are 
associated with, and may be partially responsible for, an 
increase in peripheral vascular resistance during aortic cross- 
clamping.” However, the role of these vasoconstricting com- 
pounds in the overall hemodynamic response to aortic cross- 
clamping is not clear. This study was designed to test the 
hypothesis that activation of adrenoceptors and/or the renin- 
angiotensin system plays an important role in the overall he- 
modynamic response to aortic cross-clamping. The experi- 
ments were performed on rats pretreated with ACE inhibitor 
or a-adrenoceptor or B-adrenoceptor antagonist; arterial blood 
pressure and cardiac output (CO) were measured before, dur- 
ing, and after cross-clamping of the thoracic aorta. 


SUBJECTS, MATERIALS, AND METHODS 


Male Sprague-Dawley rats (Charles River Breeding Laborato- 
ries, Wilmington, Mass) weighing 380 to 500 g were adminis- 
tered pentobarbital sodium (65 mg/kg) intraperitoneally. Tra- 
cheostomy was performed and controlled ventilation was 
provided with a Harvard rodent respirator (model 683, Harvard 
Apparatus, South Natick, Mass) to ensure normal gas exchange 
(tidal volume, 1 mL per 100 g of body weight, 50 to 60 rate per 
minute with 100% oxygen). Muscle relaxation was achieved with 
0.4 mg/kg of metocurine iodide. The temperature of the animals 
was monitored and maintained between 37°C and 38°C with a 
heat lamp. A polyethylene catheter (PE-50 Intramedic, Clay- 
Adams, Division of Becton Dickinson and Co, Parsippany, NJ) 
was inserted into the right external jugular vein for central 
venous pressure (CVP) recordings and fluid and drug adminis- 
tration. Another catheter of appropriate size (PE-50 Intramedic) 
was inserted into the left carotid artery for mean arterial pressure 
(MAP) recordings and arterial blood sampling. Continuous re- 
cordings of MAP, heart rate (HR), and CVP were performed us- 
ing Statham transducers and Grass polygraph (Grass model, 70 
polygraph, Grass Instrument Co, Quincy, Mass). 

Sternotomy and pericardiotomy were performed, and a 
6.5-mm noncannulating electromagnetic probe (Carolina Medi- 
cal Electronics Inc, King, NC, model SF 106.5R) was placed 
around the ascending aorta to measure the aortic flow (CO 
without myocardial blood flow) with an electromagnetic flow- 
meter (Carolina Medical Electronics Inc, model FM 701D, Clin- 
iflow II). A DeBakey aortic atraumatic clamp was placed loosely 
around the aorta just above the diaphragm. Arterial blood gas, 
pH, and hemoglobin concentrations were measured using a pH 
and blood gas analyzer (IL model 1301, Instrumentation Labo- 
ratory, Lexington, Mass) and co-oximeter (IL model 282). He- 
modynamic variables (MAP, HR, CO, and systemic vascular re- 
sistance [SVR]) were recorded at the following stages of the 
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pressure in mm Hg; SVR, systemic vascular resistance in mm Hg/mL-min~'-kg~'; stage 1, baseline values before drug administration and 
aortic cross-clamping; and stage 2, values observed after drug administration and before aortic cross-clamping. 


tP<.05 vs stage 1. 


experiments: stage 1, or baseline, after surgical preparation was 
completed and cardiovascular variables were stable for at least 
15 minutes; stage 2, or second baseline, 20 minutes after treat- 
ment with an ACE inhibitor, an a,-adrenergic, a-adrenergic, or 
B-adrenergic antagonist, or saline; stages 3 through 8, 3, 5, 15, 
30, 45, and 60 minutes, respectively, after cross-clamping of the 
thoracic aorta; and stages 9 and 10, 5 and 15 minutes, respec- 
tively, after unclamping of the aorta. One to two milliliters of 
blood was obtained at the beginning of the experiments to mea- 
sure the hemoglobin concentration and to replace blood loss due 
to sampling. It was replaced with 3 to 6 mL of 0.9% normal sa- 
line. Arterial blood samples were obtained for pH and gas mea- 
surements during second baseline, immediately before cross- 
clamping of the aorta (stage 2), 30 and 60 minutes after aortic 
cross-clamping (stages 6 and 8), and 15 minutes after unclamp- 
ing of the aorta (stage 10). Blood loss due to sampling was 
replaced with the same volume of blood that had been collected 
from the same rat at the beginning of the experiment. 

The rats were divided into five groups: 19 control rats 
pretreated with saline instead of an ACE inhibitor or one of the 
adrenergic antagonists, six rats who received 2 mg/kg of the ACE 
inhibitor enalapril maleate, six rats treated with an a-adrenergic 
antagonist (0.5 mg/kg of prazosin hydrochloride), six rats treated 
with a B-adrenergic antagonist (5 mg/kg of propranolol hydro- 
chloride), and six rats treated with 5 mg/kg of atipamezole. Sa- 
line or one of the antagonists was administered between the first 
and second stages of the experiments. On each experimental 
day, experiments were usually performed on three rats ran- 
domly selected in each group. There was a control animal every 
day when the experiments were performed. Consequently, the 
control group consisted of a larger number of animals than the 
experimental groups. 

After injection of the ACE inhibitor, 400 ng/kg of angiotensin 
I was used to verify that the enzyme was completely inactivated. 
This dosage increased MAP in preblocking conditions by 30 to 
50 mm Hg. In all experiments after the injection of 2 mg/kg of 
enalapril maleate, angiotensin I did not increase blood pressure. 
Similarly, the degree of a,-adrenoceptor blockage was tested 
with 20 g/kg of phenylephrine hydrochloride by intravenous 
injection. This dosage of phenylephrine was associated with an 
increase in MAP by 30 to 50 mm Hg before prazosin administra- 
tion, while an increase was not observed after prazosin was in- 
jected. Similarly, the completeness of f-adrenoceptor and 
a,-adrenoceptor blockades was tested with 0.5 mg/kg of isopro- 
terenol hydrochloride and 10 mg/kg of dexmedetomidine, re- 
spectively. Isoproterencl administration was associated with an 
increase in HR by 30 to 50 beats per minute before propranolol 
administration, while no increase in HR was observed after ad- 
ministration of propranolol. During surgical preparation and 
stages 1 and 2, metabolic acidosis was corrected with 1.5 to 2 mL 
of 8.4% sodium bicarbcnate. The animals were killed after the 
experiments with an injection of potassium chloride. 

These data were analyzed both in absolute values and as per- 
centages of baseline values, and summarized as mean and SEM. 
Comparisons among groups were made using one-way analysis 
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of variance. For individual comparisons of a pair of means, Fish- 
er's Protected Least Significance Difference Test was used. A 
repeated-measure analysis of variance was used for comparisons 
within groups." Differences were considered statistically signif- 
icant at P<.05. 


RESULTS 


The baseline values of MAP, CO, CVP, SVR, and HR 
were not significantly different among the groups (Table). 
Arterial blood gas, pH, and hemoglobin concentrations 
did not deviate from baseline readings throughout the 
experiments. The injection of the ACE inhibitor or a,- 
adrenoceptor antagonist was associated with an expected 
decrease in MAP and SVR. An injection of ay 
adrenoceptor antagonist was associated with an increase 
in MAP and CVP. There were no changes in the control 
group. The degrees of the changes in the experimental 
groups were somewhat different: the changes were quite 
mild after injection of the ACE inhibitor or a- 
adrenoceptor antagonist, while they were more substan- 
tial in animals who received B-adrenoceptor or, particu- 
larly, a;-adrenoceptor antagonist (Fig 1). Administration 
of any of the antagonists was not associated with a signif- 
icant change in CO (Fig 2). 

Cross-clamping of the thoracic aorta was associated 
with an expected increase in MAP and SVR in all animals 
(Figs 1 and 3). During the period of aortic cross-clamping, 
arterial hypertension was relatively maintained in all an- 
imals, except those treated with a,-adrenoceptor antago- 
nist (Fig 1). Cardiac output was gradually declining in all 
groups of animals at approximately the same rate. How- 
ever, the values of CO in the ACE inhibitor group were 
somewhat lower than in the animals treated with either 
adrenoceptor antagonist or saline (Fig 2). The changes in 
CO were associated with a gradual increase in vascular 
resistance (Fig 3). Cross-clamping of the thoracic aorta 
was associated with an increase in CVP in virtually all 
groups, with a sustained increase in the ACE inhibitor or 
B-block groups (Fig 4). 

During aortic cross-clamping, HRs were lower in ani- 
mals treated with B-adrenoceptor antagonist or ACE in- 
hibitor than in the control animals, while HRs in rats 
pretreated with a,-adrenoceptor antagonist were signifi- 
cantly higher than in the controls. A significant decrease 
in HR after cross-clamping of the thoracic aorta was ob- 
served in the control animals and rats pretreated with 
ACE inhibitor. 

Unclamping of the thoracic aorta was associated with 
rather severe decreases in MAP and CO, with variable 
changes in SVR (Figs 1 through 3). 
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Fig 1.— Changes in mean arterial pressure (MAP) in rats pretreated 
with saline (open circles), angiotensin-converting enzyme inhibitor 
(diamonds), an a,-adrenergic antagonist (squares), a B-adrenergic 
antagonist (solid circles), or a:-adrenoceptor antagonist (triangles). 
Drug indicates injection time; AoX, cross-clamping, and AoUX, 
unclamping. Asterisk indicates P<.05 vs before administration of 
drug within the group; dagger, P<.05 vs after administration of 
drug; and double dagger, P<.05 vs control at corresponding stage. 
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Fig 2.— Changes in mean cardiac index (CI) during cross-clamping 
of the thoracic aorta. For symbol identification, see legend to Fig 1. 


COMMENT 


Cross-clamping of the thoracic aorta was associated 
with an expected increase in MAP in all groups of animals. 
However, the degree of this increase was different, sug- 
gesting that the angiotensin and sympathetic nervous 
systems and adrenoceptors play a certain role in the 
overall hemodynamic response to aortic cross-clamping. 

Aortic cross-clamping is also associated with an in- 
crease in renin activity." Experiments with isolated hind 
limb preparation in dogs demonstrated that blood drawn 
from the inferior caval vein and then pumped with con- 
stant flow into the isolated limb caused an increase in pe- 
ripheral vascular resistance and perfusion pressure in the 
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Fig 3.— Changes in mean systemic vascular resistance (SVR) during 
cross-clamping of the thoracic aorta. For symbol identification, see 
legend to Fig 1. 
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Fig 4.—Changes in mean central venous pressure (CVP) during 
cross-clamping of the thoracic aorta. For symbol identification, see 
legend to Fig 1. 


isolated limb, which was abolished with ACE inhibitor.” 
Results of this study demonstrate a particular role of ac- 
tivation of the renin-angiotensin system in the overall he- 
modynamic response to cross-clamping of the thoracic 
aorta. It appears that angiotensin is responsible for 
approximately half of arterial hypertension developing 
during aortic cross-clamping (Fig 1). This observation 
agrees with recently published studies in which the role 
of angiotensin and vasopressin during acute hyperten- 
sion induced by aortic coarctation was examined.” 
Animals pretreated with the a-adrenergic antagonist 
also developed hypertension of a lesser degree than the 
control animals (Fig 1). Again, experiments with isolated 
limb preparation in control dogs showed that blood 
drawn from the inferior caval vein and then pumped with 
constant flow into the isolated limb caused an increase in 
peripheral vascular resistance and perfusion pressure in 
the isolated limb, while in the dogs pretreated with 
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a-adrenoceptor antagonist, vascular resistance decreased 
during aortic cross-clamping, suggesting an important 
role of catecholamines and a,-adrenoceptors in the vaso- 
constriction occurring in the isolated limb during aortic 
cross-clamping." Thus, the results observed in this study 
concur with the results of the experiments on dogs with 
the isolated limb preparation.” 

Cross-clamping of the thoracic aorta in animals pre- 
treated with B-adrenoceptor antagonist was associated 
with much greater arterial hypertension than that ob- 
served in the control animals. The greater hypertensive 
response to endogenous or exogenous catecholamines in 
conditions of propranolol therapy has been described and 
attributed to an unopposed effect of catecholamines on 
a-adrenergic receptors." Substantial increases in the 
concentrations of epinephrine and norepinephrine have 
been demonstrated during cross-clamping of the thoracic 
aorta.!° Thus, the results of this part of our study illustrate 
a significant role of a,-adrenoceptors and B-adrenoceptors 
in a complex picture cf overall hemodynamic response to 
cross-clamping of the thoracic aorta. 

Animals pretreated with the a,-adrenergic antagonist 


also developed much more severe arterial hypertension 


than the control animals. Most probably, this resulted 
from a combination of an increased overall sympathetic 
tone secondary to the administration of a-adrenergic an- 
tagonist®*! and a further increase in sympathetic dis- 
charge secondary to cross-clamping of the thoracic aorta. n 

It is believed that arterial hypertension during aortic 
cross-clamping is caused by an impedance to aortic flow 
and an increase in peripheral vascular resistance. '* How- 
ever, a significant role of preload in arterial hypertension 
developing during cross-clamping of the thoracic aorta 
has been demonstrated.** This study also suggests that 
angiotensin and sympathetic nervous systems affect the 
degree of increase in arterial vascular resistance and the 
decrease in venous capacitance observed during aortic 
cross-clamping. It has been demonstrated that two thirds 
of the hypertensive effect of angiotensin results from an 
increase in preload and only one third results from an in- 
crease in vascular resistance.” On the other hand, a hy- 
pertensive effect of norepinephrine is due to an increase 
in vascular resistance, preload, and contractility by one 
third each.” Therefore, it seems conceivable that pretreat- 
ment with one or another antagonist was associated with 
different degrees of changes in venous capacitance and 
vascular resistance with subsequent different degrees of 
changes in preload (CVP) and resistance (MAP and SVR). 

The results observed in this study suggest that activa- 
tion of a,-adrenoreceptors during cross-clamping of the 
thoracic aorta does not change a balance between arterial 
vascular resistance and venous capacitance. This specu- 
lation can be drawn from the observation that the block- 
ade of a,-adrenoceptors was not associated with any 
changes in the degree of hemodynamic responses 
(changes in arterial pressure, CVP, and CO) to aortic 
cross-clamping. The baseline values of the variables were 
obviously changed, but the degree of response remained 
unaffected. On the other hand, release of angiotensin 
during aortic cross-clamping could alter such a balance. 
Such an alteration is possibly reflected in a more dramatic 
increase in CVP and less dramatic increase in MAP dur- 
ing aortic cross-clamping in rats pretreated with ACE in- 
hibitor. If one extrapolates the results from this study into 
the clinical arena, it would seem appropriate to attempt 
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clinical trials using a-adrenergic antagonists because this 
group of rats demonstrated a lower arterial hypertension, 
a lesser decrease in CO, and a lesser increase in filling 
pressure during aortic cross-clamping compared with 
other groups. 

Our study confirms the posed hypothesis that the 
renin-angiotensin and sympathetic nervous systems play 
an important role in the complex hemodynamic response 
to cross-clamping of the thoracic aorta. 
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Original Article 


Surgical Approach to Insulinomas 


Assessing the Need for Preoperative Localization 
Janice L. Pasieka, MD; Michael K. McLeod, MD; Norman W. Thompson, MD; Richard E. Burney, MD 


@ The purpose of this study was to examine our experience 
with the diagnosis, surgical approach, and outcomes of sur- 
gery for organic hyperinsulinemia in the era of transhepatic 
venous sampling. During the period from 1978 to 1991, 50 
patients were evaluated and treated for hyperinsulinemia at 
the University of Michigan Medical Center, all of whom un- 
derwent preoperative localization. Forty-one patients (82%) 
had solitary, benign tumors; four (8%) had either multiple 
tumors or islet cell dysplasia; and five (10%) had metastatic 
disease. Forty-seven patients underwent laparotomy, and 
the source of the hyperinsulinemia was found in all patients. 
In three patients (6%) preoperative localization did not ac- 
curately locate the tumor due to technical difficulties with 
the completion of the studies. Overall, computed tomogra- 
phy localized nine (26%) of 35 tumors. Angiography accu- 
rately localized 18 (44%) of 41 tumors. Transhepatic venous 
sampling localized 34 (94%) of 36 tumors, and was essential 
to successful surgical treatment in 15 patients. Compared 
with angiography, transhepatic venous sampling was a more 
accurate method of localization and should be performed in 
all patients in whom computed tomography and visceral an- 
giography do not clearly identify the site of disease. Preop- 
erative localization plays a critical role in the surgical treat- 
ment of patients with organic hyperinsulinemia and elimi- 
nates the need for blind pancreatic resection. 
(Arch Surg. 1992;127:442-447) 


O rganic hyperinsulinemia, although rare, continues to 

fascinate both the surgeon and the endocrinologist 
because of its dramatic, and occasionally bizarre, presen- 
tation. Eighty percent of these patients have solitary be- 
nign beta islet cell tumors of the pancreas (insulinomas). 
A small percentage (5% to 10%) have multiple or diffuse 
islet cell hyperplasia. Malignant insulinomas make up the 
remaining 10% of these cases.! 

Since the majority of these patients have benign islet 
cell tumors, the potential for cure is high. However, even 
in centers that are familiar with endocrine tumors of the 
pancreas, the initial success rate for the surgical explora- 
tion of benign insulinomas is less than 100%.?° Previ- 
ously, inappropriate preoperative diagnosis was to blame 
for up to 40% of the surgical failures. The description of 
Whipple’s triad (fasting glucose level less than 2.5 mmol/L, 
signs and symptoms of hypoglycemia during a fast, and 
reversal of symptoms after administration of glucose) and 
the development of a radioimmunoassay for insulin have 
helped rule out other causes of hypoglycemia before sur- 
gery. Recently the use of C peptide and insulin antibodies 
has enabled the clinician to rule out exogenous causes of 
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hyperinsulinemia. Today, with a careful preoperative as- 
sessment, the surgeon can be confident that all patients 
undergoing surgery do indeed have organic hyperinsu- 
linemia. The failure to find these small and sometimes 
“hidden” tumors is what now concerns the surgeon. 

Since the late 1970s, preoperative and intraoperative 
localization procedures have been studied to assess their 
ability to locate these tumors.*”? Some of these methods 
are more invasive than others. Transhepatic venous sam- 
pling (THVS), although invasive, has the advantage of 
providing a functional assessment of the lesions demon- 
strated by other studies, as well as confirming the diag- 
nosis and assessing the presence or absence of hepatic 
metastases. Many authors have reported that the major- 
ity of these tumors are palpable at the time of pancreatic 
exploration and question the need for invasive preoper- 
ative localization. 11415 Failure to find these tumors during 
surgery, however, has led some authors to advocate 
“blind” distal pancreatectomy.>"*” This procedure has an 
increased operative morbidity with no guarantee that the 
insulinoma will be resected. Any means of avoiding un- 
necessary dissection of the pancreas should be sought.” 

The purpose of this study was to evaluate the need for 
and accuracy of preoperative localization studies in pa- 
tients with organic hyperinsulinemia diagnosed since 
THVS became available. 


MATERIALS AND METHODS 
Materials 


The medical records of all patients with biochemical evidence 
consistent with the diagnosis of endogenous hyperinsulinemia 
who were treated at the University of Michigan Medical Center 
(UMMC), Ann Arbor, between 1978 and 1991 were included in 
this study. Each patient underwent some form of preoperative 
localization: computed tomographic (CT) scan, angiography, 
THVS, or a combination of all three. Initially, THVS was 
performed on all patients with biochemical evidence of hyperin- 
sulinemia. In the last 4 years, THVS has been reserved for pa- 
tients in whom no tumor was found on CT or angiography (oc- 
cult tumors), in patients with multiple tumor blushes seen on 
angiography, or in patients previously explored elsewhere but 
with persistent hypoglycemia. The insulin gradient technique of 
THVS used at UMMC has been previously described. The 
findings of these localization procedures were compared with 
the operative findings. The operative reports were reviewed in 
detail toidentify patients in whom localization had an effect on 
surgical treatment. These data were compared with those on a 
series of patients with hyperinsulinemia treated at this institu- 
tion between 1960 and 1974, before THVS was available.° 


Surgical Treatment 


Three patients in whom liver metastases were identified on CT 
scan were not explored. Forty-seven patients underwent explor- 
atory laparotomy, which was performed in the following fash- 
ion. A standard supraumbilical transverse incision was made, 
transecting both recti muscles. A thorough laparotomy was per- 
formed to rule out extrapancreatic spread. Next, an extended 
Kocher maneuver was performed, reflecting the duodenum and 
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the head of the pancreas medially to the lateral edge of the aorta. 
This maneuver allowed for the bimanual examination of the 
head and lateral aspect of the uncinate process. To gain further 
access to the medial portion of the uncinate process, one or two 
pancreatic branches of the superior mesenteric vein draining 
from the uncinate process were divided. This allowed for the 
development of the plane between the superior mesenteric vein 
and the uncinate. Only then was the entire uncinate process ex- 
posed adequately for bimanual examination. The lesser sac was 
then opened by reflecting the greater omentum from the trans- 
verse colon along its fusion plane, exposing the remaining neck, 
body, and tail of the pancreas. After careful inspection, the peri- 
toneum, along the inferior border of the pancreas from the su- 
perior mesenteric vein to the splenic hilum, was divided sharply. 
This allowed for bimanual examination of the entire distal pan- 
creas. Regardless of the intraoperative findings, exploration of 
the pancreas as described was completed before the surgical re- 
moval of any tumors found. 

If a tumor was found and the location corresponded to that 
found on preoperative localization studies, the tumor was 
removed either by enucleation or distal pancreatectomy, in the 
case of lesions in the distal pancreas. If no tumor was apparent 
after initial exploration, the localization studies directed the sur- 
geon to the area of concern. According to van Heerden et al,’ 
most adenomas are not visible but are covered with a thin layer 
of normal pancreas. In the region of localization, the pancreatic 
capsule was incised anc the deeper pancreatic tissue gently ex- 
plored. If no tumor was found by this point, intraoperative ul- 
trasonography could be used to aid in locating the tumor. This 
was required in only one case and had negative results because 
this patient had islet cell dysplasia. 


Statistical Analysis 


Pearson x’ analysis was used for statistical comparisons. Dif- 
ferences were considered to be statistically significant at P<.05. 


RESULTS 
Clinical Features 


Of the 50 patients evaluated and treated for hyperinsu- 
linemia at UMMC between 1978 and 1991, 24 were men 
and 26 women. The mean age of the patients was 42 years 
(range, 19 to 81 years). Insulinomas caused a wide vari- 
ety of symptoms, such as those related to the decreased 
amounts of glucose delivered to the brain (neuroglycope- 
nia) and the sympathetic symptoms related to the stimu- 
lation of the autonomic nervous system. Most patients 
associated the onset of symptoms with fasting. As tabu- 
lated below, neuroglycopenic symptoms were the most 
common presenting complaints, and sympathetic symp- 
toms were found in fewer than one third of the patients. 


Neuroglycopenic Symptoms No (%) of Patients 
Confusion 35 (70) 
Diplopia 23 (46) 
Disorientation 22 (44) 
Syncope 21 (42) 
Weight gain 19 (38) 
Obtundation 11 (22) 
Slurred speech 12 (24) 
Seizures 12 (24) 
Dizziness 11 (22) 
Headaches 7 (14) 
Sympathetic Symptoms 

Shaking 19 (38) 
Sweating 13 (26) 
Restlessness 4 (8) 
Irritability 3 (6) 
Palpitations 1 (2) 


Thirty-eight percent of patients showed a weight gain of 
more than 4.5 kg. The interval between the onset of symp- 
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toms and the diagnosis of hypoglycemia varied. Thirty- 
eight of the patients had symptoms for less than 2 years, 
and three patients had symptoms for longer than 5 years. 


Diagnosis 

All patients in whom organic hyperinsulinemia was 
suspected were admitted to the hospital and underwent 
evaluation during a 72-hour fast. All but one patient be- 
came symptomatic during the first 24 hours of fasting. 
Blood glucose and serum insulin levels were measured at 
regular intervals and whenever the patient became symp- 
tomatic during the fast. Fasting was terminated either 
when the patient became symptomatic or at 72 hours, 
whichever came first. Insulin-glucose ratios at the termi- 
nation of the fast were greater than 0.40 for all patients. 
Proinsulin levels were available in 16 patients. Turner and 
Heding”? stated that a proinsulin value higher than the C 
peptide value suggested an undifferentiated insulinoma 
that was more likely to be malignant. All patients in whom 
the proinsulin levels were measured had benign disease. 
Nevertheless, five (31%) of 16 patients had proinsulin frac- 
tions higher than 60%, as shown in the tabulation below. 


Proinsulin Fraction, % No. of Patients 
<40 5 
<50 2 
<60 4 
>60 5 


C-peptide levels were measured in 25 patients and con- 
firmed an endogenous source for the hyperinsulinemia. Fac- 
titious hyperinsulinemia was ruled out in 12 patients by the 
absence of measured insulin antibodies. Provocative tests 
(using tolbutamide sodium, glucagon, or leucine) were not 
routinely conducted and are currently not believed to offer 
any diagnostic advantage over measurements of glucose, in- 
sulin, C-peptide, and proinsulin levels during a 72-hour fast. 


Preoperative Localization 


The results of preoperative localization in 35 patients 
with insulinomas were described in a previous report." 
We added another 15 patients to that prior experience to 
form the present study group (Table 1). There were no 
permanent complications from any preoperative localiza- 
tion procedure. However, patients occasionally com- 
plained of epigastric pain, and one patient experienced 
transient, occult heme-positive stools. 

When operative findings were compared with the 
results of the preoperative localization studies, tumors 
were correctly localized in all but three patients (94%). In 
one patient the results of preoperative THVS were mis- 
leading because of disruption of the normal venous anat- 
omy draining the pancreas after a previous subtotal pan- 
createctomy. This patient had been previously explored 
elsewhere. A blind 30% distal pancreatectomy at the time 
of the patient's first exploration failed to demonstrate tu- 
mor, and she was referred to UMMC for localization and 
further surgical therapy. A review of the diagnostic vari- 
ables in this patient led to the conclusion that she had or- 
ganic hyperinsulinemia. Angiography failed to localize 
the tumor. Transhepatic venous sampling demonstrated 
an insulin gradient in the head of the pancreas, although 
the splenic vein could not be cannulated because of the 
previous surgery. An extensive exploration as well as in- 
traoperative ultrasound examination failed to reveal the 
tumor. The previous resection margin of the body of the 
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Table 1.—Results of Localization Studies Performed on 
Patients With Insulinomas* 





CT Scan Angiography THVS 
No. performed 35 41 36 
No. of true positives 9 (26%) 18 (44%)t 34 (94%)t 





*CT scan indicates abdominal computed tomography, and THVS 
transhepatic venous sampling. 
tP<.01 


pancreas was indurated and impossible to assess manu- 
ally. Therefore, this indurated area was further resected, 
leaving the patient with 50% of her pancreas in situ. She 
did well after surgery and remained normoglycemic with- 
out receiving any medication while in the hospital and on 
subsequent follow-up visits. Initial pathologic findings in 
the resected pancreas revealed no tumor or evidence of dif- 
fuse islet cell hyperplasia. However, immunohistochem- 
ical staining demonstrated clusters of islet cells budding 
off the ducts, consistent with diffuse islet cell hyperplasia 
(nesidioblastosis). Transhepatic venous sampling local- 
ized the source of insulin to the head of the pancreas when, 
in fact, the patient had diffuse islet cell hyperplasia. We 
considered this a failure to accurately localize the source of 
hyperinsulinemia, even though it was the disruption of 
the normal venous anatomy that resulted in the failure of 
THVS to diagnose diffuse islet cell hyperplasia. 

The other two cases of preoperative localization failure 
were due to technical problems with the completion of the 
studies. One patient with known renal failure could not 
undergo contrast studies. A nonenhanced CT scan was 
negative for insulinoma. At surgery, a 0.5-cm tumor was 
found in the tail of the pancreas. 

Failure to accurately localize the source of hyperinsulin 
secretion in the third patient was due to the inability of 
THVS to correctly identify both the primary tumor and he- 
patic metastases that were not visualized on either CT or 
angiography. During the THVS study, the patient became 
hypoglycemic and the procedure was discontinued before 
adequate samples were obtained from the hepatic vein. 
The samples that were obtained indicated an increased in- 
sulin gradient arising from the head of the pancreas when, 
in fact, the primary tumor was in the tail of the pancreas, 
with the tumor metastasizing to both lobes of the liver. 

Computed tomography was successful in localizing the 
tumor in nine (26%) of 35 patients. Three of these patients 
had diffuse liver metastases and did not undergo explora- 
tion. Four other patients had unusually large lesions for sol- 
itary benign insulinomas (2.5 to 6.5 cm), and the remaining 
two patients had 1-cm lesions in the body of the pancreas. 

Angiography was successful in localizing the tumor in 
18 (44%) of 41 patients. Nine patients had classic angio- 
graphic findings (distinct tumor blushes) of insulinoma,’ 
and therefore did not undergo THVS. All of these tumors 
were readily found at exploration. 

Transhepatic venous sampling was successful in local- 
izing the tumor in 34 (94%) of 36 patients. In 15 patients, 
THVS was the only study that identified the tumor before 
surgery, the so-called occult tumor.” 

Localization was essential to successful surgical out- 
come in 15 (32%) of 47 patients explored. Three of these 
patients underwent exploration elsewhere, but no tumor 
was found, and therefore, each patient underwent a blind 
distal pancreatectomy. In each case, after referral to 
UMMC, the tumor was localized with THVS. At subse- 
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quent exploration based on the results of the THVS, each 
tumor was found in the head of the remaining pancreas. 
In five patients, THVS gave functional assessment of the 
pancreas and/or tumor blushes, allowing for the removal 
of all hypersecreting insulin tissue at the time of the first 
exploration. Two of these patients had multiple function- 
ing tumors, one of whom had multiple endocrine neo- 
plasia type I (MEN I). Transhepatic venous sampling 
identified these multiple functioning tumors before sur- 
gery, and therefore facilitated the accurate removal of all 
functioning tissue during the first exploration. Transhe- 
patic venous sampling identified diffuse islet cell hyper- 
plasia in a third patient with elevated insulin levels along 
the entire length of the splenic vein. On the basis of the 
findings on THVS, the patient’s response to diazoxide was 
evaluated. A near-total pancreatectomy was performed 
because he did not respond to diazoxide therapy, resulting 
in hypoinsulinemia after surgery. A fourth patient had an 
islet cell tumor in the midbody of the pancreas that was 
found easily on exploration. However, THVS indicated 
that the source of the insulin was from the head of the pan- 
creas. After a diligent search, the insulinoma was found 
buried deep in the head of the pancreas and was enucle- 
ated. The tumorin the midbody of the pancreas turned out 
to be anon-insulin-secreting neuroendocrine tumor. The 
ability to assess the function of the tumor with THVS was 
valuable in one other patient with multiple tumor blushes 
detected on angiography. Transhepatic venous sampling 
demonstrated an insulin gradient in the area of only one 
of these tumor blushes. The other tumor was found on ex- 
ploration to be an accessory spleen. The remaining seven 
of 15 patients in whom preoperative localization was es- 
sential had small, deep tumors. Transhepatic venous sam- 
pling regionalization alone enabled the surgeon to find the 
tumors that were not apparent during initial exploration. 


Surgical Findings 

The cause for the organic hyperinsulinemia was iden- 
tified in all patients. All patients with benign disease were 
surgically cured. Forty-one patients (82%) had benign sol- 
itary adenomas. Two patients had multiple insulin- 
producing tumors and two patients had diffuse islet cell 
hyperplasia or nesidioblastosis (8%). Five (10%) patients 
had metastatic insulinomas, two of whom underwent lap- 
arotomy. One patient had extensive disease not apparent 
on any of the preoperative localization procedures, and 
underwent only a biopsy. The other had a large 5-cm tu- 
mor in the body of the pancreas with liver metastases that 
were also removed. This debulking of the tumor rendered 
the patient asymptomatic without any medication at her 
3-month follow-up visit to the clinic. Normally, insulino- 
mas are found equally throughout the gland.° In this se- 
ries, 50% of the tumors were found in the head and unci- 
nate region (Fig 1). Sixty-six percent of the tumors were 
under 2 cm in size (Fig 2). Twenty-nine patients under- 
went enucleation, 14 had distal pancreatic resection, and 
three had pancreatectomy of more than 75%. Two of these 
latter patients had multiple tumors and one had diffuse is- 
let cell hyperplasia. No patient underwent a blind distal 
pancreatectomy. 

There were no postoperative deaths in this series. The 
overall postoperative complication rate was 32% (15 of 47 
patients; Table 2). Three patients required reexploration 
for intra-abdominal abscesses. All three of these patients 
had pancreatic resection (two had pancreatectomy of more 
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Fig 1.—The anatomic distribution of insulinomas within the pan- 
creas found at surgical exploration. Asterisk indicates multiple tu- 
mors. 





“4 


42% 
1-2 cm 


Fig 2.—The distribution of insulinomas resected by size in cen- 
timeters. 


than 75%). One of these patients also developed a com- 
mon bile duct obstruction and required a third operation. 
All other complications resolved without operative inter- 
vention. Pancreatic fistula was the most common compli- 
cation, and occurred in seven patients. All fistulas closed 
spontaneously by the sixth postoperative week. Two pa- 
tients who underwent pancreatic resection of more than 
75% developed insulin-dependent diabetes after surgery. 
Fasting glucose levels were studied in all patients 3 months 
after surgery after a 24-hour fast. All patients remained 
asymptomatic during the fast. Fasting glucose levels were 
normal on subsequent postoperative clinic visits. One eld- 
erly patient complained of dizzy spells after surgery, but 
no abnormal insulin-zlucose ratios could be demonstrated 
during two separate 72-hour fasts. 


COMMENT 


The key to any successful surgical exploration is correct 
diagnosis. Whipple’s triad remains the most practical way 
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Table 2.—Postoperative Complications Observed in 
47 Patients With Organic Hyperinsulinemia 
Undergoing Surgical Treatment 





Postoperative Complications Operative Procedure 


Distal 
Pancreatectomy 


No. of 


Complication Patients Enucleation 



















Pancreatic fistula 7 5 2 
Abscess 3 0 3 
Wound infection 3” 1 2 
Prolonged ileus 2 2 0 
Pancreatitis 1 1 0 
Pneumonia 2r 1 1 
Hepatitis 1 0 1 
Common bile duct 

obstruction 1 


Diabetes 


*Multiple complications. 
p p 


ofinitially assessing hyperinsulinism. The development of 
insulin assays and C-peptide and insulin antibodies has 
helped improve our ability to make this diagnosis. In this 
study most patients became symptomatic in the first 24 
hours of fasting. Measuring the insulin-glucose ratios dur- 
ing the fast and when the patient becomes symptomatic 
further elucidates the clinical implications of Whipple's 
triad. Fajans and Vinik' demonstrated that in healthy men, 
the normal insulin-glucose ratio after an overnight fast was 
0.3. Patients with islet cell disease have ratios greater than 
0.35, and more importantly, the ratio rises with the pro- 
longation of the fast. 

The plasma proinsulin fraction found in normal subjects 
is less than 20%. Although in patients with undifferenti- 
ated tumors, proinsulin has been shown to make up a 
greater proportion of the total serum insulin than in pa- 
tients with benign tumors,’"* the proinsulin fractions in 
this study group did not correlate with malignancy. These 
findings are consistent with the observations of Fajans and 
Vinik! that the proinsulin fraction secreted by these tu- 
mors does not differentiate benign from malignant insuli- 
nomas. However, the demonstration of elevated proinsu- 
lin fractions indicated endogenous insulin secretion, and 
was another means of ruling out factitious hypoglycemia. 

Much has been written about the preoperative and post- 
operative localization of islet cell tumors.*”"* Some inves- 
tigators have found that up to 84% of benign insulinomas 
can be palpated at the time of exploration, and have ques- 
tioned the need for preoperative localization.'**” Despite 
the ease of locating the majority of these tumors by pal- 
pation, the rates of surgical cure for benign insulinomas 
range from 77% to 98% in the literature.**'*’° Many of 
these studies advocated blind distal pancreatectomy when 
no tumor could be found. Since insulinomas are equally 
distributed throughout the pancreas, the rationale for this 
approach remains obscure. It is noteworthy that in our se- 
ries, 50% of the tumors were located in the head and unci- 
nate process of the pancreas. Therefore, blind distal pan- 
createctomy would have been successful in only 50% of 
these patients. In all patients the tumor or source of hy- 
perinsulin secretion was found without blind pancreatec- 
tomy. Before the use of THVS at UMMC, the source of hy- 
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Table 3.—Surgical Results of Insulinomas Treated at the 







Years 





1960-1972° 1978-1991 


No. of patients 35 50 

Malignant 3 5 

28/32 (87%) 45/45 (100%) 
24 (77%) 41 (84%) 

Multiple adenoma/hyperplasia = 3 


Variable 












Cured of benign disease 





Benign/solitary adenomas 






Multiple endocrine neoplasia 
type | 3 1 
Angiographic localization 9/21 (43%) 18/41 (44%) 









Enucleation 12 29 
Distal pancreatectomy 20 14 
Blind pancreatectomy 2 0 
Operative deaths 1 0 
Overall complications NAt 32% 






Major complications requiring 
operative intervention 





8 (24%) 


“Two adenomas found in surgical specimens. 
tNA indicates data not available. 


3 (6%) 












perinsulin secretion was found in only 28 (88%) of 32 pa- 
tients with benign disease who underwent exploration 
and were cured. In that earlier series, two additional pa- 
tients underwent 80% pancreatectomy because no tumor 
was found at exploration. The adenomas were subse- 
quently found in the resected specimen. One of these pa- 
tients died of intra-abdominal bleeding after surgery.° 
Therefore the ability to actually locate benign islet cell tu- 
mors during surgery in that study was only 81% (26 of 32 
patients). However, during the last 12 years, the source of 
hyperinsulinism was found in all patients treated for or- 
ganic hyperinsulinemia at UMMC (Table 3). 

New localization techniques have been developed in 
the last two decades. Computed tomography remains the 
least accurate of the four most commonly used techniques 
(CT, angiography, THVS, and intraoperative ultrasonog- 
raphy). The mean accuracy of CT scans in the literature is 
35% (11% to 50%)."° In our series, only 26% of the CT scans 
accurately localized the tumor. However, CT remains a 
useful screening tool, particularly in assessing the liver for 
metastatic disease. In certain cases, exploration and more 
invasive diagnostic procedures were avoided because 
metastatic disease was demonstrated. 

Selective angiography has been available for the last 
three decades. The vascularity of insulinomas has allowed 
the visualization of these tumors in approximately 60% of 
the reported cases." The accuracy of angiography at 
UMMC has not improved during the last 30 years. Angiog- 
raphy localized tumors in 43% of the cases evaluated be- 
fore THVS became available, and in 44% of the cases eval- 
uated since 1978 (Table 3). 

The development of THVS has allowed for both the 
functional assessment and the accurate localization of 
these tumors. Compared with angiography, THVS was 
significantly better at localizing the source of hyperinsu- 
lin secretion (P<.01). The value of THVS lies in its ability 
not only to direct the surgeon to the tumor, but also to di- 
agnose diffuse islet cell disease” and evaluate multiple 
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Organic Hyperinsulinemia 


CT Scan 
e Lotscan] 


Large Tumor Small/No Tumor 







aa 
Metastatic Angiography 
A x | 
ssess À Multiple 
Resectability Solitary Blush Biushes/MEN 1 Negative 





THVS 


No Tumor Found 


Intraoperative |————® Tumor Found 
Ultrasound | 
Tumor Resected 


THVS 


Focal Gradient Diffuse Gradient 


$ 


Diazoxide Test 








No Tumor Found 










Close and Reevaluate 
No Blind 
Pancreas Resection 






Fig 3.—An algorithm outlining the preoperative localization and 
treatment of patients with organic hyperinsulinemia. CT indicates 
computed tomography; MEN I, multiple endocrine neoplasia type 
l; and THVS, transhepatic venous sampling. 


tumor blushes. The preoperative diagnosis of diffuse is- 
let cell hyperplasia enables the surgeon to assess the 
amount of resection of the pancreas necessary to control 
symptoms. This is based on the patient’s response to di- 
azoxide therapy before surgery.!°?° The patient described 
here in whom preoperative THVS detected diffuse islet 
cell hyperplasia did not respond to diazoxide before sur- 
gery; therefore, a near-total pancreatectomy was per- 
formed. The response to diazoxide can eliminate the need 
to guess how much of the pancreas to resect when the 
surgeon is faced with islet cell hyperplasia (during sur- 
gery). Patients with multiple tumor blushes on angiogra- 
phy or multiple tumors found at exploration also benefit 
from the functional assessment of these tumors before 
surgery. Knowing which of the tumors found at explora- 
tion is responsible for the endogenous source of insulin 
allows the successful resection of all functioning tumor(s) 
at the first exploration. This is particularly applicable to 
the patient with MEN I in whom multiple neuroendocrine 
tumors are found in the pancreas, but are not all respon- 
sible for insulin secretion. Since frozen section studies 
cannot confirm whether the neuroendocrine tumor is se- 
creting insulin, the regionalization provided by THVS 
before surgery can help make this distinction. We had 
four patients in whom regionalization did just that— 
identified which of several tumors found by angiography 
or at exploration in the pancreas were responsible for the 
hyperinsulinemia. This enabled the surgeon to remove all 
functioning tissue, while minimizing the amount of pan- 
creatic resection and manipulation. 

Intraoperative ultrasonography has recently received 
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attention as an important adjunct to the localization of oc- 
cult tumors.”*°?!” Our experience with this technique is 
limited. Intraoperative ultrasound examination was used 
in the patient in whom exploration failed to identify a tu- 
mor in the region of THVS localization. It was unsuccessful 
at localizing the tumor, since this patient subsequently 
was shown to have nesidioblastosis. However, the expe- 
rience of others suggests that this can be a valuable tool to 
the surgeon when he or she is unable to locate the tumor 
at laparotomy. Nevertheless, it is noteworthy that there 
were no insulinomas in the series, including the 3-mm one 
in the distal tail, that could not be detected after a carefully 
directed search based on preoperative localization studies. 

Transhepatic venous sampling has been helpful in all 
patients with MEN I, in patients with multiple tumor 
blushes seen on angiography, in patients with negative 
findings on previous exploration, and in those with spo- 
radic insulinomas not detected by other studies. Because 
our current policy in patients with MEN I with insulino- 
ma(s) is to perform a distal pancreatectomy regardless of 
gross findings, and to enucleate any tumors in the head 
or uncinate process, the routine use of THVS in this small 
group of patients can be questioned. 

An overall complication rate of 32% is in keeping with the 
rate of 32.5% in the recent review published by Rothmund 
et al.° The majority of the complications did not require op- 
erative intervention, nor did they increase the mean hospital 
stay. The rate of major complications (6%) requiring inter- 
vention was significantly lower in this group than in that de- 
scribed by Harrison et al (Table 3). The reason for this dif- 
ference is probably related to the increased number of pan- 
creatic resections in the earlier series compared with ours. 
Any means of eliminating unnecessary pancreatic manipu- 
lations should decrease the postoperative complication rate. 
Accurate preoperative localization allowed for a more dili- 


_ gent and precise surgical approach. 


The current practice at UMMC for evaluating patients 
with hypoglycemia is outlined in Fig 3. Once the diagnosis 
is confirmed, attempts are made to localize the tumor. Not 
all patients require THVS, since angiography is accurate in 
45% of the cases. However, THVS is essential in all pa- 
tients with multiple tumor blushes seen on angiography, 
in patients with MEN I, and in patients in whom previous 
exploration failed to identify any tumor. In patients who 
have previously undergone a subtotal pancreatic resec- 
tion, any focal area of elevated insulin secretion on THVS 
may be misleading because of the disruption of the normal 
venous anatomy. Therefore, in these patients, if no tumor 
can be found in the region of THVS localization one should 
consider islet cell hyperplasia and perform a biopsy on the 
pancreas. However, the diagnosis of islet cell dysplasias 
based on frozen section studies can be difficult and unre- 
liable. Patients in whom no tumor is demonstrated on an- 
giography or CT also benefit from THVS before surgery, 
because one can never predict the intraoperative findings 
of these occult tumors. In this series, all 15 occult tumors were 
localized with THVS and successfully removed. Transhe- 
patic venous sampling is a safe procedure with very few com- 
plications. Preoperative localization eliminated the need for 
blind distal pancreatectomy in this group of patients. 

The question still exists as to what to do when no tumor 
can be found at exploration in the area of localization. 
Should one proceed with the pancreatectomy of choice 
(Whipple’s procedure for localization in the head; distal 
pancreatectomy for the body or tail)? The answer is un- 
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clear. If localization studies reveal a region of increased in- 
sulin gradient, then resection of that region is not blind, 
but rather “directed.” Our approach to this problem is not 
to proceed witha directed pancreatectomy at that time, but 
to evaluate the patients after surgery and to see if their symp- 
toms are controlled with diazoxide treatment. If the symp- 
toms can be controlled medically, then we wait. If the patient 
continues to have uncontrolled hypoglycemic attacks, then 
the THVS should be repeated anda directed pancreatectomy 
performed if the results confirm the earlier regionalization. 

When approached in a systematic fashion preoperative 
localization is an accurate means of localizing insulino- 
mas. Since the advent of THVS, all patients with benign 
disease treated at UMMC were surgically cured. Accurate 
diagnosis and diligent surgical exploration are still the key 
to a successful outcome in patients with organic hyperin- 
sulinemia. However, preoperative localization is an in- 
valuable aid to the surgeon and should be attempted in all 
patients with the diagnosis of organic hyperinsulinemia. 


This study was sponsored by the R. Samuel McLaughlin Founda- 
tion, Calgary, Alberta (Dr Pasieka). 
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Original Article 


Intraoperative Cholangiography Revisited 


Benjamin W. Pace, MD; John Cosgrove, MD; Brenda Breuer, PhD; Irving B. Margolis, MD 


@ The charts of 1351 patients undergoing cholecystectomy 
at our institutions from 1985 through 1989 were reviewed 
retrospectively to evaluate the indications for and the suc- 
cess of intraoperative cholangiography. A total of 800 pa- 
tients underwent intraoperative cholangiography. They 
were divided into two groups based on the absence (CR — ) 
or presence (CR+) of clinical and/or operative criteria sug- 
gestive of the existence of common bile duct stones. Intra- 
operative cholangiography in CR — patients was of limited 
benefit, being negative (normal) in 95.7%, true-positive 
(abnormal) in 3.3%, and false-positive in 1%. False-positive 
intraoperative cholangiography resulted in unnecessary 
common bile duct explorations. Intraoperative cholangiog- 
raphy in CR+ patients proved useful, avoiding unnecessary 
common bile duct exploration in 55%. In those select CR+ 
patients with palpable common bile duct stones or cholan- 
gitis, little additional information was gained by the intra- 
operative cholangiography. We conclude that routine 
screening intraoperative cholangiography in CR — patients 
be reconsidered, as should the use of intraoperative cho- 
langiography in CR+ patients with a palpable common bile 
duct stone or cholangitis. Intraoperative cholangiography in 
the remainder of CR+ patients proved beneficial and should 
be continued. 
(Arch Surg. 1992;127:448-450) 


R outine intraoperative cholangiography (IOC) was pro- 
posed by Mirizzi’ of Argentina during the early 
1930s. He identified the advantages of IOC in the detec- 
tion of unsuspected stones, especially those common he- 
patic and intrahepatic stones least likely to be identified 
by clinical examination. The number and position of these 
stones could be identified, increasing the rate of complete 
clearance of the ducts. In addition, with the routine 
application of this procedure, numerous patients ear- 
marked for common bile duct exploration (CBDE) based 
on clinical parameters, yet in reality without choledo- 
cholithiasis, could be spared unnecessary explorations. 
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Intraoperative cholangiography also allowed for anatomic 
clarification in difficult cases. 

Although T-tube cholangiography at the conclusion of 
CBDE gradually gained wide acceptance, the use of cys- 
tic duct cholangiography as a screening procedure did not 
become popular until the 1960s.?° Since then, advances in 
radiologic techniques, especially ultrasonography, have 
made the preoperative detection of choledocholithiasis 
possible in some cases. The availability of endoscopic ret- 
rograde cholangiography has further increased our diag- 
nostic capabilities. The technically difficult and poten- 
tially dangerous task of reoperation to extract a retained 
stone in a previously violated operative field may be 
avoided by the therapeutic application of endoscopic 
transpapillary techniques. Thus, the potential hazard of 
the asymptomatic retained stone has been diminished. 
Concurrently, the use of IOC has been shown to be 
resource intensive. Deitch and Voci* estimated that the 
routine use of IOC cost the American public $52 million 
in 1982. 

Intraoperative cystic duct cholangiography has two 
main objectives: to screen patients undergoing cholecys- 
tectomy to detect unsuspected common bile duct (CBD) 
stones; and to avoid negative explorations (CBDE) in pa- 
tients with criteria suggesting the presence of CBD stones. 
Although IOC is widely applied, its value continues to be 
debated.?*! The results in our patients were reviewed, 
analyzing the success of IOC in meeting the stated objec- 
tives. 


PATIENTS AND METHODS 


The records of all patients (1351) undergoing elective and 
emergency operative cholecystectomy at the Long Island (NY) 
Jewish Medical Center and its Queens (NY) Hospital Center Af- 
filiation between January 1, 1985, and December 31, 1989, were 
reviewed retrospectively. Cholecystectomy performed during 
emergency operations where biliary tract disease was previously 
unsuspected (eg, ruptured abdominal aortic aneurysms) was 
excluded because of the lack of preoperative data. Laparoscopic 
cholecystectomies were also excluded owing to the recent advent 
of the procedure and the small numbers of patients available. 

The following information was recorded for each patient as 
available: age, sex, preoperative diagnosis, preoperative serum 
values of total bilirubin, the results of preoperative radiologic 
evaluation of the CBD, the size of the CBD at operation (normal 
or dilated >1.2 cm), and the presence or absence of palpable CBD 
stones before CBDE. Patients were classified based on the pres- 
ence (CR+) or absence (CR —) of criteria suggestive of the exist- 
ence of CBD stones. Positive criteria were (1) serum total bili- 
rubin value greater than or equal to 51 pmol/L (3.0 mg/dL); 
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Table 1.—Age and Sex Distribution by 
Preoperative Diagnosis 
Total, Age 
No. (%) No.M No. (%) F Range, y 


All patients 1351 (100) 488 903 (67) 
Cholecystitis 


Acute 
Chronic 


461 (34.1) 191 
786 (58.1) 223 


86 (6.4) 24 
18 (1.4) 10 


270 (59) 
563 (73) 


62 (72) 
8 (44) 


Gallstone pancreatitis 





Cholangitis 


preoperative diagnosis of (2) gallstone pancreatitis or (3) cholan- 
gitis; (4) the intraoperative finding of a dilated CBD greater than 
12 mm; (5) a palpable CBD stone before CBDE; or (6) recent pre- 
operative ultrasonography or computed tomography, where 
available, indicating choledocholithiasis. 

In addition, the results of IOC and the presence or absence of 
CBD stones retrieved on CBDE were recorded. An IOC was 
considered abnormal when it was interpreted as revealing cho- 
ledocholithiasis or, alternatively, no flow of contrast medium 
into the duodenum despite the injection of glucagon (a routine 
in our institutions in an attempt to relieve sphincter spasm in 
those patients who, on intraoperative IOC, are shown to have 
no flow of contrast material into the duodenum as the only ab- 
normal finding). 

Univariate analysis via the Wilcoxon Rank-Sum test and Stu- 
dent t test as well as multivariate analysis of our results were 
performed as appropriate.” 


RESULTS 


The distributions of age, sex, and preoperative diagno- 
sis are given in Table 1. Indications for IOC varied among 
the different surgeons and, over the study period, some- 
times varied for a given surgeon. These indications 
ranged from the routine application of IOC by some to the 
use of IOC only in those patients with multiple small 
stones or those with any elevation of preoperative liver 
function test values. Intraoperative cholangiography was 
attempted in 826 patients (61.1% of all cholecystectomies). 
In 26 patients (3.1%), the procedure failed to be completed 
for a variety of technical reasons. The remaining 800 pa- 
tients form the basis of this report. 

Unsuspected CBD stones were found in 3.3% of CR- 
patients undergoing [OC. However, the rate of false- 
positive IOCs resulting in a negative CBDE was 1.04%. 
Approximately one fourth of all positive IOC results in 
CR- patients were erroneous (Table 2). The demonstra- 
tion of no flow of contrast medium into the duodenum 
despite the injection of glucagon in CR— patients was 
particularly inaccurate. Only 20% were found to have 
CBD stones on exploration. In contrast, the finding of a 
radiolucency on IOC yielded CBD stones in 90%. 

The results of IOC in CR+ patients are presented in 
Tables 2 and 3. Unnecessary CBDE was avoided by the 
performance of an IOC in 55% of all CR+ patients. A 
breakdown of these results by CR+ criteria revealed the 
following. All eight patients with palpable CBD stones 
had an abnormal IOC, resulting, in each patient, in the 
retrieval of stones on CBDE. When the duct was identi- 
fied on inspection as dilated, the IOC was abnormal in 
71%, but only 42% of that group had CBD stones recov- 
ered. Elevated serum bilirubin levels of 51 pmol/L (3.0 
mg/dL) or higher correlated somewhat better with the 
presence of CBD stones. Intraoperative cholangiography 
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ER Table 2.—Results of IOC* 


Overall CR+ 










No. of IOCs 
CBDE based on 









abnormal IOC 126 101 25 
Unsuspected stones ee Gs 19 
Yield, % TE “ates 3.3 
False-positive IOCs 40 34 6 
% of all IOCs 






% of all positive IOCs 





*IOC indicates intraoperative cholangiography; CR+ and CR-, 
patients with and without clinical and/or operative criteria suggest- 
ing the existence of common bile duct stones; and CBDE, common 
bile duct exploration. 






Table 3.— Results of IOC in Patients With Gallstone 
Pancreatitis and Cholangitis* 


Gallstone 
Pancreatitis 


74 






Cholangitis 













IOC performed 







Normal IOC 61 2 
Abnormal IOC (%) 13 (18) 9 (82) 
CBD stones 

retrieved, % yieldt 54 7 67 
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*IOC indicates intraoperative cholangiography; CBD, common 
bile duct. 

tCBD exploration was performed only in those with abnormal 
IOCs. 


False-positive IOC, % 





was abnormal in 63% of this group, with CBD stones re- 
trieved on CBDE in two thirds. Where preoperative 
ultrasonography or computed tomography indicated cho- 
ledocholithiasis, CBD stones were recovered in 38%. Pa- 
tients with gallstone pancreatitis (routinely undergoing 
cholecystectomy only after all clinical symptoms of pan- 
creatitis had resolved) had a very low incidence of abnor- 
mal IOC (18%), with choledocholithiasis being confirmed 
on CBDE in only half of these. In contrast, in those 
patients with cholangitis, IOC was abnormal in 82%, two 
thirds of which revealed stones (Table 3). 

The finding of no flow of contrast medium into the 
duodenum despite the injection of glucagon was signifi- 
cantly more accurate in CR+ patients, as 50% resulted in 
stone retrieval on CBDE. A radiolucent defect in this 
group was associated with choledocholithiasis in 71%. 


COMMENT 


In this series, although screening IOC in CR — patients 
detected 19 unsuspected stones, it resulted in six unnec- 
essary CBDEs. Mendes de Almeida et al,’ studying neg- 
ative CBDE, concluded that the addition of a negative 
CBDE in patients undergoing cholecystectomy increased 
the mortality by 140%. Several authors have shown that, 
in their patients not undergoing IOC, the incidence of 
symptomatic retained CBD stones on follow-up was 
0.03% to 0.5%.*"' This is significantly lower than the in- 
cidence of unsuspected stones found on cholangiogra- 
phy. Mansberger et al* estimated that only one in 20 re- 
tained CBD stones will become clinically significant, while 
Suits et al? concluded that 2135 IOCs would have to be 
performed for every one clinically significant CBD stone 
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identified. These data suggest that the overwhelming 
majority of retained CBD stones pass spontaneously. As 
a result, the benefit achieved from the recovery of 19 un- 
suspected CBD stones in our series may be significantly 
less than that indicated by the “raw” data. This limited 
benefit was achieved at the cost of six negative duct 
explorations as well as 551 time-consuming, unreward- 
ing, and potentially dangerous cholangiograms.%* Si- 
multaneously, no adverse effects were noted in the 525 
patients in whom the surgeon elected not to perform an 
IOC. Chart review of all admissions to our hospitals for 
these 525 patients failed to reveal a single case of retained 
CBD stone. The weight of the evidence favors the aban- 
donment of routine screening IOC in CR— patients. 

In CR+ patients, the application of IOC before the per- 
formance of a proposed CBDE proved quite beneficial, as 
it eliminated many unnecessary explorations. This is in 
concordance with results reported in the literature.>?!!5 
Two exceptions were noted in our series. First, as CBDE 
proved invariably positive in patients with palpable CBD 
stones, the use of IOC in these patients may best be re- 
served for those special circumstances where anatomic 
clarification is required. Second, in patients with cholan- 
gitis, Lygidakis* has shown the potential for disaster with 
the generation of excessive intraductal pressure during 
IOC. Since over four fifths of IOCs in this group were ab- 
normal, adding little useful information, the performance 
of this potentially dangerous procedure before ductal de- 
compression (the primary objective) is open to question. 

Several other observations are noteworthy. The low in- 
cidence of CBD stones in patients with bilirubin levels at 
or above 51 pmol/L (3.0 mg/dL) was, at first glance, trou- 
blesome. One explanation for this may be the fact that the 
last preoperative bilirubin value is often obtained on the 
downward slope of decreasing jaundice following the 
spontaneous passage of a CBD stone. This is similar to the 
explanation usually offered for the lower than anticipated 
rate of retrieval of CBD stones in patients with gallstone 
pancreatitis.” This phenomenon might also explain the 
low incidence of CBD stones retrieved in those cases 
where CBD stones were identified on preoperative ultra- 
sonography or computed tomography. 

Finally, it is disturbing to note the poor correlation be- 
tween the presence of CBD stones and the sole abnormal 
IOC finding of no flow of contrast medium into the duo- 
denum despite the injection of glucagon. Though previ- 
ously accepted as an indication for CBDE, the significance 
of this latter finding must be reassessed. Further research 
to verify these results and to identify modulating factors 
appears warranted. 

In summary, the routine application of IOC in the 
screening of CR— patients is resource intensive, has a 
significant rate of false-positive interpretations, and de- 
tects only a small number of unsuspected CBD stones of 
unknown clinical significance. This is especially true in 
patients with abnormal or positive IOC results based 
solely on the failure of passage of contrast material into 
the duodenum despite the injection of glucagon. The use 
of IOC as a screening tool should be reconsidered. 

In CR+ patients, IOC continues to be of considerable 
benefit in identifying at least a portion of those in whom 
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CBDE is unnecessary. Possible exceptions are patients 
with palpable CBD stones and those with cholangitis. In 
patients with palpable CBD stones, the stone retrieval 
rates are so high that no advantage appears to be gained 
by the routine performance of a preexploration IOC. In 
those with cholangitis where CBD decompression is 
mandatory, preexploration IOC is potentially dangerous 
and an inaccurate predictor of the presence of CBD 
stones. The use of preexploration IOC in patients with 
cholangitis should be abandoned for routine CBD decom- 
pression, followed, in stable patients, by CBDE and com- 
pletion T-tube cholangiography. 
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è Ina3-year period, 63 consecutive patients with advanced 
perforated (n=53) and gangrenous (n=10) appendicitis 
were allocated to undergo either immediate wound closure 
or delayed primary wound closure after emergency appen- 
dectomy. The incidence of wound infection between de- 
layed primary wound closure and immediate wound closure 
was similar (24.0% and 21.1%, respectively). The duration 
for complete healing of infected wounds was slightly shorter 
in the group undergoing delayed primary wound closure 
(mean+SD, 24.3+9.2 days) than in the group undergoing 
immediate wound closure (mean+SD, 32.6+16.5 days), 
but the difference was not significant. However, healing of 
noninfected wounds was significantly prolonged in the 
group undergoing delayed primary wound closure 
(mean+SD, 19.3+10.1 days) compared with the group un- 
dergoing immediate wound closure (mean+SD, 7.0+0 
days). The latter had been shown to associate with more 
nonseptic wound complications and therefore required 
longer rehabilitation. Our study showed that delayed pri- 
mary closure did not offer additional advantage over 
immediate closure in the treatment of wounds associated 
with advanced appendicitis in children. 
(Arch Surg. 1992;127:451-453) 


pyre medical advances, wound sepsis remains a 
frequent complication of perforated or gangrenous 
appendicitis, amounting to 25% to 50% in most reported 
series.’ Open wound treatment for advanced appendici- 
tis was recommended as long ago as 1931 as a method of 
reduction of wound sepsis but there is no general agree- 
ment on its efficacy.* It has been claimed that delayed 
primary wound closure (DPC) consisting of open wound 
treatment for the few days immediately after surgery, 
followed by wound closure with skin tapes offers the 
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combined advantages of reduced wound sepsis and good 
wound healing. 

Wound closure with skin tapes is particularly suitable 
for pediatric patients, and is an established practice in 
pediatric surgery. We, therefore, undertook a prospec- 
tive, controlled study to compare the wound infection rate 
and healing time of DPC with those of immediate closure 
(IC) of wounds in the treatment of perforated and 
gangrenous appendicitis in children. 


PATIENTS AND METHODS 


During the 3-year period from July 1984 to June 1987, 63 con- 
secutive children with advanced appendicitis were treated in the 
Division of Pediatric Surgery, Department of Surgery, Univer- 
sity of Hong Kong, Queen Mary Hospital. Fifty-three had per- 
forated appendicitis and 10 had gangrenous appendicitis con- 
firmed at operation. There were 34 boys and 29 girls, with amean 
age of 7.6 years (range, 2 to 12 years). Based on their hospital 
numbers, they were allocated to either one of the following two 
methods of wound treatment: DPC for patients with even num- 
bers and IC for those with odd numbers (Table 1). Informed 
consent was obtained for entry into the controlled trial. The 
study was approved by the ethical committee of Queen Mary 
Hospital. The small patient population studied could have 
accounted for the uneven distribution in the two groups. 

All patients underwent appendectomy through a right lower 
quadrant transverse or oblique muscle-splitting incision with the 
stump of the appendix buried. Peritoneal lavage was performed 
using normal saline. No drain or topical antibiotic was used 
during closure of wound. In the IC group, the wound was closed 
in layers using continuous chromic catgut for the peritoneum 
and muscles and interrupted nylon for the skin. In the DPC 
group, peritoneum and abdominal muscles were similarly 
closed, but the skin and subcutaneous tissue were kept open 
with a saline dressing that was changed daily to prevent exces- 
sive collection of reactionary exudate till day 4 after surgery. Skin 
tapes (Steri-Strip, Medical-Surgical Division/3M, St Paul, Minn) 
were then applied to appose the skin wound at bedside without 
the use of anesthesia. Complete wound healing time was 
defined as the duration from the time of operation to when the 
wound showed total apposition of the edges with ceasing of 
further nursing care. Wound infection was defined as the pres- 
ence of gross purulent discharge with or without a positive bac- 
terial culture. All patients received preoperative prophylactic 
antibiotics, gentamicin sulfate, and metronidazole, and com- 
pleted the 7-day postoperative course. 

The difference in the incidence of wound infection between 
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Table 1.—Demographic Features of 63 Patients 
Randomized for Either Immediate Wound Closure 
(IC) or Delayed Primary Wound Closure (DPC) 
After Emergency Appendectomy 


Variable IC (n=38) DPC (n=25) 
No. M/F 
Age, y 


Mean 8.4 6.5 
Range 













Appendicitis, No. 
Perforated 31 22 
Gangrenous 






Table 2.—Incidence of Wound Infection in 
Patients Undergoing Immediate Closure (IC) 
and Delayed Primary Closure (DPC) 


Wound Infection* 





Appendicitis IC (n=38) DPC (n=25) 
Perforated 8 6 
Gangrenous 0 0 
Total 8 (21%) 6 (24%) 


*Differences between the two groups were not significant by x? 
analysis. 























Table 3.—Mean Healing Time of Noninfected 

and Infected Wounds in Patients Undergoing 
Immediate Closure (IC) and Delay 

Primary Closure (DPC) 


Mean+SD Healing Time, d 






Appendectomy 


Wound IC (n= 38) 
7.0+0.0 


32.6+16.5 


DPC (n=25) P 
19.3+10.1 
24.3+9.2 















Noninfected 
Infected 








*Student’s t test. NS indicates not significant. 


the two groups was tested using the x’ test. Two-tailed Student's 
t test was used for the analysis of the differences in the healing 
time and the hospital stay. Differences were considered signif- 
icant at P<.05. 


RESULTS 


Wound infection occurred in eight patients (21%) of the 
IC group and six (24%) of the DPC group (Table 2). None 
of the 10 patients in this series with gangrenous appen- 
dicitis had wound sepsis. 

There was no statistical difference in the healing time of 
the infected wounds in both groups. The mean healing 
time of the noninfected wounds was much greater after 
DPC (19.3+10.1 days) than IC (7.0+0 days) (P<.001; Ta- 
ble 3). The majority of the patients in the IC group were 
discharged from hospital by postoperative day 7. 


COMMENT 


There have been a lot of appraisals on the use of DPC 
in contaminated wounds.’ This approach was seen to re- 
duce the incidence of wound sepsis in large-bowel oper- 
ations and in emergency appendectomy.**® Our controlled 
comparative study showed a similar incidence of wound 
infection with both the DPC (24%) and IC (21%) methods. 


452 Arch Surg—Vol 127, April 1992 


Our previous reported incidence of wound infection of 
42% was significantly reduced with the use of prophylac- 
tic antibiotics in this study.” Neither wound drain nor lo- 
cal antibiotic application was used in our study, because 
it had been shown that no extra benefit was obtained.° 
Uncontrolled studies in children by Schwartz et al’ and 
Karp et al? showed a rather low incidence of wound in- 
fection of 1.4% with immediate closure in all their 
patients. Furthermore in his controlled study in adult pa- 
tients with advanced appendicitis, Pettigrew’ did not 
show any significant reduction of wound infection with 
DPC (54%) compared with IC (37%). 

In our series, three patients (38%) with IC developed 
wound infection after discharge from the hospital. They 
were brought back to the hospital to receive wound treat- 
ment until they showed signs of complete healing. The 
duration of wound care in these patients was the sum of 
the inpatient periods of the initial hospital admission and 
the subsequent readmission. Other reports have also 
shown that late presentation of wound sepsis in primary 
closure after completion of antibiotic therapy occurred in 
13% to 66% of all infective episodes." This illustrated the 
need to follow up patients for at least 4 weeks after hos- 
pital discharge, to obtain a representative incidence of 
wound infection. In our experience, all the patients who 
developed wound infection in the DPC group did so by 
postoperative day 4. It appeared that open wound treat- 
ment with daily dressing for the first 4 days in the DPC 
protocol had allowed early detection of wound sepsis. 
Various authors have attributed contamination of the 
open wound to cross infection, and the microorganism 
involved is usually Staphylococcus aureus.' Cross infection 
was not a problem in our patients treated with DPC, and 
the organisms responsible for wound infection were usu- 
ally similar to those identified from the intraoperative 
peritoneal cultures. 

In the past, complete wound healing time was seldom 
used as an index for the efficacy of a method of wound 
treatment. In fact, we believe that this is probably a more 
meaningful criterion of success of treatment than the in- 
cidence of wound infection from the patient’s point of 
view. The healing time of the noninfected wound was 
longer in the DPC group than the IC group. It was mainly 
due to nonseptic wound problems occurring in 10 (53%) 
patients. Six patients had wounds that were not ready for 
closure because of persistent serous exudate, one patient 
had skin tapes removed on postoperative day 8 because 
of accumulation of exudate, and another patient had 
wound dehiscence that required secondary sutures. Two 
patients had marked granulations formed already on 
postoperative day 4 and this hindered the application of 
skin tapes. A mean of 12.8 days of continuing wound care 
was necessary before the skin tapes were reapplied in 
eight patients. Further minor breakdowns and discharges 
from wounds occurred in these patients, resulting in a 
mean healing time of 25 days. Similar nonseptic wound 
problems associated with DPC had been reported by Pet- 
tigrew! and Karp et al. All these problems increased the 
patient’s discomfort, nursing requirement, and duration 
of hospital stay. It has been shown that good wound 
strength is achieved when the timing of wound approx- 
imation coincides with the deposition of new collagen 
fibrils.? Therefore, those with further delay in wound 
closure because of excessive exudate or granulation could 
develop a weaker scar. We did not make any assessment 
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on this aspect after prolonged wound healing; perhaps 
this was associated with a higher risk of developing inci- 
sional hernia. In our experience, hospital stay was signif- 
icantly longer in patients with DPC (mean, 18.2+8.3 days; 
median, 17 days) than in those with IC (mean, 11.1+8.4 
days; median, 8 days) (P<.002). Community nursing ser- 
vice could be an alternative to inhospital treatment, espe- 
cially in reducing the cost of patient treatment, but this is 
not yet readily available in our society. 

In our present study, DPC in advanced appendicitis 
had no additional advantage over IC. In fact, there were 
more nonseptic complications, including excessive 
wound exudate, heavy granulation, and wound dehis- 
cence in the DPC resulting in delay of wound healing and 
a protracted hospital stay. 
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kept in mind during therapy. If superinfections occur (usually involving Pseudomonas or Candida) the 
drug should be discontinued and/or appropriate therapy instituted. 

Drug Interactions: Probenecid decreases the renal tubular secretion of ampicillin and sulbactam. 
Concurrent use of probenecid with UNASYN may result in increased and prolonged blood levels of 
ampicillin and sulbactam. The concurrent administration of allopurinol and ampicillin increases 
substantially the incidence of rashes in patients receiving both drugs as compared to patients receiving 
ampicillin alone. It is not known whether this potentiation of ampicillin rashes is due to allopurinol or the 
hyperuricemia present in these patients. There are no data with UNASYN and allopurinol administered 
concurrently. UNASYN and aminoglycosides should not be reconstituted together cue to the in vitro 
inactivation of aminoglycosides by the ampicillin component of UNASYN. 

Drug/Laboratory Test Interactions: Administration of UNASYN will result in high urine concentration of 
ampicillin. High urine concentrations of ampicillin may result in false positive reactions when testing for 
the presence of glucose in urine using Clinitest™, Benedict's Solution or Fehling’s Solution. It is 
recommended that glucose tests based on enzymatic glucose oxidase reactions (such as Clinistix™ or 
Testape™) be used. Following administration of ampicillin to pregnant women, a transient decrease in 
plasma concentration of total conjugated estriol, estriolglucuronide, conjugated estrone and estradiol 
has been noted. This effect may also occur with UNASYN. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been 
performed to evaluate carcinogenic or mutagenic potential. 


Pregnancy B: Reproduction studies have been performed in mice, rats, and rabbits at doses up 
to ten (10) times the human dose and have revealed no evidence of impaired fertility or harm to the fetus 
due to UNASYN. There are, however, no adequate and well controlled studies in pregnant women. Because 
animal reproduction studies are not always predictive of human response, this drug should be used 
during pregnancy only if clearly needed. (See—Drug/Laboratory Test Interactions.) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous administration of ampicillin 
decreased the uterine tone, frequency of contractions, height of contractions, and duration of contrac- 
tions. However, it is not known whether the use of UNASYN in humans during labor or delivery has 
immediate or delayed adverse effects on the fetus, prolongs the duration of labor, or increases the 
likelihood that forceps delivery or other obstetrical intervention or resuscitation of the newborn will be 
necessary. 

Mothers: Low concentrations of ampicillin and sulbactam are excreted in the milk; therefore, 
caution should be exercised when UNASYN is administered to a nursing woman. 
Pediatric Use: The efficacy and safety of UNASYN have not been established in infants and children 
under the age of 12. 
ADVERSE REACTIONS 
UNASYN is generally well tolerated. The following adverse reactions have been reported. 
Local Adverse Reactions 

Pain at IM injection site—16% Pain at IV injection site—3% 
Thrombophlebitis—3% 

Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3% of the patients and rash in less than 
2% of the patients. 
Additional systemic reactions reported in less than 1% of the patients were: itching, nausea, vomiting, 
candidiasis, fatigue, malaise, headache, chest pain, flatulence, abdominal distension, glossitis, urine 
retention, dysuria, edema, facial swelling, erythema, chills, tightness in throat, substernal pain, 
epistaxis and mucosal bleeding. 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were reported dunng clinical trials 


were: 

Hepatic: Increased AST (SGOT), ALT (SGPT), alkaline phosphatase, and LDH. 

Hematologic: Decreased hemoglobin, hematocrit, RBC, WBC, neutrophils, lymphocytes, platelets and 

increased lymphocytes, monocytes, basophils, eosinophils, and platelets. 

Blood Chemistry: Decreased serum albumin and total proteins. 

Renal: Increased BUN and creatinine. 

Urinalysis: Presence of RBC's and hyaline casts in urine. 
The fy tai reactions have been reported with ampicillin-class antibiotics and can also occur 
with 
Gastrointestinal: Gastritis, stomatitis, black “hairy” tongue, enterocolitis and pseudomembranous 
colitis. 
Hypersensitivity Reactions: Urticaria, erythema multiforme, and an occasional case of exfoliative 
dermatitis have been reported. These reactions may be controlled with antihistamines and, if necessary, 
systemic corticosteroids. Whenever such reactions occur, the drug should be discontinued, unless the 
opinion of the physician dictates otherwise. Serious and occasional fatal hypersensitivity (anaphylactic) 
reactions can occur with a penicillin (see WARNINGS). 
Hematologic: In addition to the adverse laboratory changes listed above for UNASYN, agranulocytosis 
has been reported during therapy with penicillins. All of these reactions are usually reversible on 
discontinuation of therapy and are believed to be hypersensitivity phenomena. 
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Intraoperative Wound Infiltration With Bupivacaine in 
Patients Undergoing Elective Cholecystectomy 


Jos }. A. M. van Raay, MD; Jan A. Roukema, MD, PhD; Bertil W. Lenderink, PharmD 


è ina double-blind randomized trial, 50 patients scheduled 
for elective cholecystectomy received 50 mL of either 
0.25% bupivacaine hydrochloride or physiologic saline by 
wound perfusion at the end of the operation before wound 
closure. The duration of incisional infiltration, total amount 
of postoperative analgesics administered, and total hospital 
stay were recorded. Pulmonary function tests were per- 
formed the day before surgery and 1 day after surgery. 
There was no difference between the two groups with re- 
gard to duration of analgesia, the amount of analgesics ad- 
ministered, or the total hospital stay. Both groups also had 
similar decrements in forced vital capacity and forced ex- 
piratory volume on the first postoperative day. We conclude 
that wound infiltration with 0.25% bupivacaine after elec- 
tive cholecystectomy is not effective in reducing postoper- 
ative pain. Lung function disturbances cannot be prevented. 
(Arch Surg. 1992;127:457-459) 


T? problem of providing adequate postoperative anal- 
gesia persists despite progress in modern surgery 
and anesthesia. Effective management of postoperative 
pain depends on patient demand, instruction of medical 
staff, and attitude and availability of nursing staff as well 
as a suitable analgesic agent. Intramuscular injections of 
narcotic analgesics have many drawbacks. Requirements 
of opioids correlate poorly with the patient’s age, weight, 
and type of operation. Narcotic analgesics provide good 
pain relief but can elicit unwanted side effects, including 
respiratory depressicn and decreased cough reflex.’ 

The serum level of opioids rises and falls dramatically 
during a 4-hour period, with corresponding periods of 
drowsiness, pain, and, at times, nausea. In addition, 
there are the undesirable effects of opioid drugs on intes- 
tinal motility and the tendency to cause vomiting. 

The introduction of long-acting local anesthetic drugs, 
such as bupivacaine hydrochloride, has led to a renewed 
interest in these agents for local wound perfusion. Infil- 
tration of bupivacaine into surgical wounds has been re- 
ported to provide good postoperative analgesia after her- 
nia repair and upper abdominal surgery with a decrease 
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in pulmonary complications.** Controversy exists as to 
the efficacy of bupivacaine wound perfusion in the relief 
of postoperative pain or pulmonary complications.” 
Although some studies suggest that wound perfusion 
with bupivacaine provides effective pain relief with a 
concomitant reduction in opioid requirements, other in- 
vestigators have found saline wound perfusion to be 
equally effective, perhaps because of the removal or dilu- 
tion of pain-mediating substances." A double-blind trial 
was designed to assess the effects of intraoperative 
wound infiltration of bupivacaine in patients undergoing 
elective cholecystectomy with regard to postoperative 
pain relief, pulmonary function, and total hospital stay. 


PATIENTS AND METHODS 


Before admission to the study, all patients were informed 
about the aims, methods, anticipated benefits, and potential 
hazards of the study. Patients were notified that they were free 
to withdraw from the study at any time. A written consent to 
participate in the study was obtained from each patient prior to 
admission into the study. 

All patients between the ages of 20 and 70 years scheduled for 
elective cholecystectomy were eligible for inclusion. Patients 
with a history of allergy, sensitivity, or any other form of reac- 
tion to local anesthetics of the amide type were excluded. 
Patients were randomly allocated to receive wound infiltration 
of either bupivacaine or plain saline. Surgical treatment was the 
same in the two groups. Efficacy variables included duration of 
analgesia, total hospital stay, and change in the forced expiratory 
volume in 1 second (FEV,) and forced vital capacity (FVC). 

All patients received general anesthesia with tracheal intuba- 
tion. Cholecystectomy was performed through an upper midline 
incision. At closure of the surgical wound, a 50-mL solution 
containing 125 mg of 0.25% bupivacaine hydrochloride or plain 
saline (according to the randomization list) was infiltrated into 
the cut surfaces of the peritoneum, fascia, subcutis, and dermis. 
The duration of complete analgesia was defined as the time be- 
tween the incisional infiltration and the time when the patient 
first required analgesic treatment after surgery. Ten milligrams 
of nicomorphine (Vilan) was administered subcutaneously or 
50 mg of diclofenac sodium (Voltaren R) was administered in 
suppository form on patients’ request during the first 48 hours 
after surgery. After 48 hours, only diclofenac was administered. 
The time of administration and dose of analgesic administered 
were recorded. 

Pulmonary function tests were also performed the day before 
and after surgery. All spirometric tests were performed with the 
patient in a sitting position. The test was performed three times 
and the highest value was recorded. The FVC and FEV, were re- 
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Fig 1.—Preoperative and postoperative pulmonary function test re- 
sults in the bupivacaine vs placebo groups. FVC indicates forced vi- 
tal capacity; and FEV,, forced expiratory volume in 1 second. 


corded the day before surgery and 24 hours after surgery. 
Parameters to compare the similarity between the two treatment 
groups were analyzed with Wilcoxon’s rank sum test. The 
Mann-Whitney two-tailed test was used to analyze treatment 
results. A P<.05 was considered statistically significant. 


RESULTS 


Between April 1988 and April 1989, 50 patients were 
selected for the study and randomized into one of two 
treatment groups. All cases were classified as being valid 
for efficacy and safety analysis. The groups were fairly 
equal with regard to pretreatment characteristics. Seven 
men and 18 women received bupivacaine hydrochloride. 
Four men and 21 women received the saline solution. The 
patients were comparable in regard to physical character- 
istics, respiratory status, smoking habits, duration of an- 
esthesia, and operative procedure. 

All operations were performed through an upper mid- 
line incision. The surgical procedure took no more than 1 
hour in all cases. No intraoperative complications oc- 
curred. No instances of untoward side effects or wound 
complications related to the injections occurred. The me- 
dian duration of analgesia was 16 hours in the bupiv- 
acaine group and 17 hours in the placebo group. The me- 
dian hospital stay was 8 days in both groups. Therefore, 
there was no difference with regard to duration of anal- 
gesia or hospital stay between the two groups. 

One patient was not given any postoperative medica- 
tion. In the analysis of duration of analgesia, the highest 
rank of “duration of analgesia” was given to this patient. 
The median value of FEV; dropped from 2.8 L before sur- 
gery to 1.2 L after surgery in the bupivacaine group. The 
corresponding figures for the placebo group were 3.0 L 
and 1.3L, respectively. The median value of FVC dropped 
from 3.9 L before surgery to 1.6 L after surgery in the bu- 
pivacaine group, and from 3.4 L to 1.8 L in the placebo 
group. Differences between the two groups were not sta- 
tistically significant (Fig 1). 

All but one patient in the placebo group were given 
postoperative analgesics. The number of patients receiv- 
ing different types of analgesics was fairly equal in the two 
treatment groups (Fig 2). Using the Mann-Whitney two- 
tailed test, no statistically significant difference could be 
demonstrated between the two study groups in the use of 
additional postoperative analgesics for the first 5 postop- 
erative days, with each day analyzed separately. The to- 
tal amount of bupivacaine administered was slightly 
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Fig 2.—Additional analgesics administered after surgery. Postoper- 
ative day 0 indicates the day of surgery. 


higher in the placebo group; with these small numbers, 
however, no statistically significant difference (P = .63) 
could be demonstrated. 


COMMENT 


The majority of studies of postoperative pulmonary 
dysfunction have focused on subclinical complications. 
The elderly, in particular, have a higher risk of develop- 
ing pulmonary complications.’ Also, in patients with a 
noncompromised pulmonary status, postoperative pul- 
monary complications often occur." Following operations 
on the upper part of the abdomen, atelectasis is reported 
to occur in as many as 80% of patients, being the most com- 
mon cause of postoperative morbidity and mortality.” 

After cholecystectomy, FEV, generally is decreased to 
50% of the preoperative value and slowly improves dur- 
ing the first few postoperative weeks.’ General anesthe- 
sia itself may influence postoperative lung function." The 
severity of mechanical disturbances to the pulmonary 
system caused by surgery is determined primarily by its 
site. Upper abdominal surgery, in particular, has a dele- 
terious effect on the function of the diaphragm. The inci- 
sion does have an impact on the postoperative lung func- 
tion. Lung function seems to be influenced less by trans- 
verse and subcostal incisions than by midline incisions. 

It may be clear that postoperative pulmonary compli- 
cations are determined by many factors. In addition to the 
above-mentioned factors, postoperative pain is thought 
to be very important. Many studies have examined post- 
operative lung function after pain relief. It is commonly 
assumed that pain and spasm of abdominal-wall muscu- 
lature results in impairment of ventilatory function. 

For several years, the infiltration of local anesthesia af- 
ter upper- abdominal surgery has been popular for its an- 
algesic effects and for its effects on respiratory function. 
Patel et al,* using a single injection of bupivacaine into the 
wound after cholecystectomy, demonstrated a lesser re- 
duction in the FVC and FEV, compared with controls. 
This study, however, was based on small samples and did 
not contain a homogeneous group. 

Levack et al’ showed that wound perfusion with 0.5% 
bupivacaine or physiologic saline reduces pain after 
cholecystectomy as measured by the visual analogue scale 
and that bupivacaine is associated with improved FVC 
and a decrease in opioid requirements. In contrast, we 
found in our study that even those patients whose 
wounds were adequately anesthetized also had a major 
reduction in their FVC. 

In our study, the number of demands for analgesics was 
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used as a quantitative assessment of pain severity after 
wound perfusion with either bupivacaine or saline. Nurs- 
ing assessment might have had some influence on this 
number, but, nevertheless, our study has shown that 
wound perfusion with 0.25% bupivacaine is not effective 
in decreasing postoperative analgesic requirements. Nor- 
mal saline seems to be equally effective. There is also no 
improvement in pulmonary function after incisional infil- 
tration with bupivacaine. 

We conclude that bupivacaine used as described in this 
study does not significantly influence the amount of 
postoperative pain sensation after elective cholecystec- 
tomy and that this technique is not a useful adjuvant to 
general anesthesia. 
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Inflammatory Mediators, Infection, Sepsis, and Multiple 
Organ Failure After Severe Trauma 


Christian Waydhas, MD; Dieter Nast-Kolb, MD; Marianne Jochum, PhD; Arnold Trupka; Susann Lenk; 
Hans Fritz, PhD; Karl-Heimo Duswald, MD; Leonhard Schweiberer, MD 


@ The relation of (multiple) organ failure (OF) to the release 
of inflammatory mediators and the incidence of infection 
and sepsis was studied prospectively in 100 patients with 
multiple trauma (injury severity score=37). Sixteen pa- 
tients died of OF, 47 patients survived OF, and 37 patients 
had no OF. Fifteen (24%) of the patients with OF showed 
no signs of infection. In patients with early onset of OF 
(n= 45), infection followed with a lag of 2 or more days. In 
16 (44%) of these patients, infection led to a deterioration 
in organ function. With late onset of OF (n= 18), infection 
preceded OF in nine patients. Polymorphonuclear leu- 
kocyte—elastase, neopterin, C-reactive protein, lactate, an- 
tithrombin III, and phospholipase A discriminated signifi- 
cantly among the three outcome groups. Of all factors, only 
polymorphonuclear leukocyte—elastase showed a differ- 
ence between patients with and without infection or sepsis, 
respectively. These data indicate that infection might not 
play a crucial role in the pathogenesis of posttraumatic OF 
in a substantial portion of patients with trauma. Early OF, 
especially, seems to be mainly influenced by the direct se- 
quelae of tissue damage and shock (eg, the release of 
inflammatory mediators). Since infection and sepsis did not 
lead to an augmented release of mediators in patients with 
trauma, the role of both entities remains unclear. 
(Arch Surg. 1992;127:460-467) 


T: major cause of late death after severe blunt trauma 

is (multiple) organ failure (OF). It is usually attrib- 
uted to infectious complications that develop in the post- 
traumatic course leading to dysfunction of the respiratory 
and other organ systems.'* Sepsis is the commonly used 
denominator for the clinical presentation of the syn- 
drome. Thus, sepsis is generally regarded as the main 
cause of OF and late death after severe trauma. As a rule, 
a proven bacterial focus is mandatory in most definitions 
of sepsis. However, in the initial descriptions of multiple 
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OF,°* it was already pointed out that despite the unifor- 
mity of the syndrome, a variety of causes other than in- 
fection may lead to organ dysfunction. For example, a 
clinical picture resembling sepsis can be found in acute 
pancreatitis in humans. Experimental studies were able to 
induce a sepsislike syndrome with nonbacterial, nonen- 
dotoxic inflammatory stimuli.” Thus, several authors 
suggested that multiple OF after trauma may be the direct 
consequence of mediators released during tissue damage 
and circulatory shock and not of infectious sequelae.” To 
describe this syndrome, terms such as “whole body 
inflammation” or “nonbacteremic clinical sepsis”? were 
introduced. To further elucidate the role of inflammatory 
mediators and infection in the development of multiple 
OF, we have performed a prospective study in severely 
injured patients. 


PATIENTS AND METHODS 


During the study period (1986 to 1990), traumatized patients 
arriving at our emergency department were examined immedi- 
ately by a member of the study team and included in the 
prospective study if all of the following criteria were met: (1) less 
than 6 hours between accident and admission to the emergency 
department; (2) between 16 and 70 years of age; and (3) severe 
injuries of at least two body regions (head/brain, thorax, abdo- 
men, skeletal system) or three major fractures. Severe injuries 
included the following: (1) head— unconsciousness for more 
than 60 minutes or with dilated pupil(s), cerebrospinal fluid rhi- 
norrhea or otorrhea, unstable facial bone fracture; (2) thorax— 
more than three fractured ribs, sternum fracture, pneumothorax/ 
hemothorax, lung contusion, aortic rupture, cardiac tamponade, 
rupture of the diaphragm; (3) abdomen— hollow or parenchy- 
mal organ laceration, renal contusion or laceration; (4) skeletal 
system — vertebral lesion (fracture of vertebral body or arch, lig- 
amentous injury with dislocation, spinal cord injury), pelvic 
fractures, fractures of the femur, tibia, and/or humerus, ampu- 
tations proximal to the toes or digits. 

Collection of blood samples for routine and biochemical lab- 
oratory testing as well as recording of clinical data, including di- 
agnostic amd therapeutic interventions, drug and infusion ther- 
apy, Glasgow Coma Scale, and cardiopulmonary monitoring 
data, were started within 30 minutes after arrival of the patient 
in the emergency department and continued on a 6-hour basis. 
After 48 heurs, the interval was extended to 24 hours for a pe- 
riod of 14 days. After 2 weeks, the clinical course was recorded 
until either transfer to a general ward or death. 

Biochemical measurements using commercially available test 
kits included polymorphonuclear leukocyte (PMN)-elastase (E. 
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Merck, Darmstadt, Germany), C-reactive protein (Behring- 
werke, Marburg, Germany), antithrombin III (Kabi, Stockholm, 
Sweden), neopterin (Henning, Berlin, Germany), and phospho- 
lipase A (Boehringer, Mannheim, Germany). Testing for bacte- 
ria from the urinary trac: and the bronchial system was routinely 
done twice a week or when clinically indicated. Blood cultures 
were taken when the body temperature rose above 38.5°C. 
Swabs for bacterial cultures were taken from all catheter tips and 
from wounds when indicated. The following definitions were 
used. Sepsis was assumed when two signs of the following signs 
1 to 3 in addition to sign 4 occurred: (1) temperature of 38.5°C or 
greater; (2) white blood cell count (WBC) greater than or equal 
to 15 x 10°/L or less than or equal to 5 x 10°/L ; (3) thrombocytes 
less than or equal to 100 x 10°/L or a fall of greater than or equal 
to 30% in 24 hours; and (4) culture-proved bacterial focus. 

Pneumonia was supposed when one sign of the following 
signs 1 to 2 plus one sign of signs 3 to 4 occurred: (1) tempera- 
ture of 38.5°C or greater;, (2) WBC of 12x 10°/L or greater; (3) 
positive bacterial culture; (4) abnormal roentgenographic signs 
typical of pneumonia. Urinary tract infections were considered 
to cause the following signs: (1) positive culture with more than 
10* bacteria per milliliter; (2) temperature of 38.5°C or greater; (3) 
WBC of 12 x 10°/L or greater. Catheter infection was considered 
to cause the following signs: (1) temperature of 38.5°C or greater; 
(2) WBC of 12 x 10°/L oz greater; (3) positive culture from cathe- 
ter tip. Respiratory failure was indicated by the following signs: 
need of mechanical ventilation and Po,/fraction of inspired ox- 
ygen of 280 mm Hg or less or positive end-expiratory pressure 
of 8 mm Hg or greater for at least 24 hours. Renal failure was in- 
dicated by a creatinine concentration of 177 pmol/L or greater for 
at least 48 hours. Liver failure was indicated by a bilirubin level 
of 51 pmol/L or greater for at least 48 hours. Disseminated intra- 
vascular coagulation was indicated by the following signs: (1) 
thrombocyte level of 100 x 10°/L or less or a fall of 30% or more 
in 24 hours; (2) partial thromboplastin time of 50 seconds or more 
for 24 hours; (3) reptilase time of 22 seconds or more for 24 hours 
(similar to the test for thrombin time, but with use of the 
heparin-independent thrombinlike enzyme reptilase instead of 
thrombin.” Gastrointestinal tract failure was indicated by endo- 
scopically proved ulceration with bleeding or acalculous chole- 
cystitis. 

Multiple OF was assumed if two or more organ systems failed 
at the same time. Statistical testing was done with the nonpara- 
metric Wilcoxon Test for two samples and the x’ test with Yates’ 
correction. Differences were considered significant with P values 
less than .05 and highly significant with P values less than .01. 
The study was carried out in accordance with the Ethical Com- 
mittee of the Ludwig Maximilians-University, Munich, Ger- 
many. 


RESULTS 


One hundred seventeen patients entered the study. 
Seventeen patients died during the first 24 hours; the re- 
maining 100 primary survivors formed the basis of the 
following results. The mean injury severity score was 37 
points (range, 13 to 66 points). There were 74 male and 26 
female patients with a mean age of 38 years. Sixteen pa- 
tients (16%) died between days 3 and 28 (median surviv- 
ing time, 16 days). 

The overall incidence of OF, infection, and bacterial 
sepsis is listed in Table 1. The bacterial foci of sepsis were 
pneumonia (n = 18), wound infection (n= 5), urinary tract 
infection (n= 2), catheter infection (n=1), and peritonitis 
(n=1). In Table 2, patients are divided into nonsurvivors 
(group 1), survivors with OF (group 2), and survivors 
without OF (group 3). The incidence of pneumonia and 
bacterial sepsis did not differ significantly between 
groups 1 and 2 (P>.1). The rate of pneumonia, infection, 
and bacterial sepsis was significantly higher in groups 1 
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~ Table 1.—Incidence of Organ Failure, Infection, 
and Sepsis in 100 Patients With Trauma* 

















Organ failure 


Isolated 

Multiple 32 
Pneumonia 46 
Urinary tract infection 8 
Wound infection 15 
Catheter infection 1 
Peritonitis 1 
No imfection 43 
Sepsis 






*The occurrence of more than one infectious focus in a patient 
is possible. 


Table 2.— Incidence of Multiple Organ Failure (OF), 
Infection, and Bacterial Sepsis in Three Outcome 
= Groups of Patients With Trauma* 






Group 1 Group 2 
No. of patients 16 47 37 


Mean ISS 43 39 32 


Group 3 













Multiple OF, No. (%) 15 (94) 16 (34) IG 
Infection, No. (%) 13 (81) 35 (74) 9 (24) 
No infection, No. (%) 3 (19) 12 (26) 28 (76) 





Sepsis, No. (%) 8 (50) 17 (36) 2 (5) 


*Group 1 comprises nonsurvivors; group 2, survivors with OF; 
and group 3, survivors without OF. Percent sign indicates percent- 
ages within each group. ISS indicates injury severity score. 


and 2 compared with group 3 (P<.0001). However, nearly 
a quarter of the patients in groups 1 and 2 did not show 
signs of bacterial infection at any time. Ninety-three per- 
cent of all cases of bacterial sepsis were observed in 
patients with OF, whereas only 7% of all patients with 
bacterial sepsis had no organ insufficiency. Although a 
high coincidence of bacterial sepsis and OF could be ver- 
ified, several patients with infection and even sepsis had 
no development of OF. 

In Fig 1, the starting points of OF, infections, and sep- 
sis in relation to trauma are displayed. In most cases 
(n=45), OF became obvious during the first 2 days after 
trauma (usually respiratory failure). A second peak 
emerged between days 6 and 8, predominantly due to 
liver failure. This second rise either represents the onset 
of late OF or a deterioration in the patient’s condition with 
the development of multiple OF. Infections came up at 
day 3 and remained fairly constant for about a week. Bac- 
terial sepsis occurred with a slight delay. The leading in- 
fection was pneumonia. There was a high correlation of 
pneumonia with the duration of mechanical ventilation. 
While patients who were being mechanically ventilated 
for less than 5 days had an 8% rate of intrapulmonary in- 
fection, the incidence of pneumonia rose to 71% as the 
duration of ventilation increased. Patients from groups 1, 
2, and 3 were ventilated 15.8, 12.5, and 4.7 days, respec- 
tively. 

According to the onset of OF, two groups were formed 
(early and late onset of OF) and the starting point of in- 
fection and sepsis relative to OF was defined in each sin- 
gle patient. The condensed data are shown in Table 3. Of 
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Fig 1.—Frequency distribution of onset of organ failures, infection, 
and sepsis in 100 patients with trauma during 14 posttraumatic days. 
The number on the y-axis signifies the number of patients in whom 
organ failure (squares), infection (plus signs), and sepsis (asterisks) 
starts on the specific day. 












Table 3.—Onset of Infection in Relation to Onset of 
Organ Failure (OF) in Patients With Trauma With OF 
Starting Within the First 3 Days After Trauma (n= 45) 


Infection Sepsis 


Onset of infection/sepsis 
=2 d before OF APE” RE 
1 d before to 1 d after OF 1 1 
=2 d after OF 35 18 


No infection/sepsis 








45 patients with early onset of OF (within the first 3 days 
after trauma), 36 showed signs of infection. Of those, 
bacterial complications and sepsis could be recognized 
only 2 or more days after OF in 35 (97%) and 34 (95%) pa- 
tients, respectively. In 16 patients (44%), infection was 
followed by a deterioration of organ function. Twelve of 
18 patients with late OF (after the third posttraumatic day) 
suffered from bacterial complications (Table 4). Infection 
preceded or coincided with the onset of OF in nine 
patients (75%), whereas three patients (25%) showed 
signs of infection only several days after late OF. 

The release of mediators and indicators of inflammatory 
reactions in the three outcome groups is displayed in Fig 
2. Polymorphonuclear leukocyte-elastase showed a 
highly significant difference (P<.01) between groups 1 or 
2 vs 3 throughout the whole observation period and be- 
tween groups 1 vs 2 (P<.05) after the third day. Neopterin 
was significantly (P<0.05) higher in group 1 (nonsurvi- 
vors) compared with survivors (group 2 or 3) from the 
second day onward and between groups 2 vs 3 after the 
fourth posttraumatic day. The production of C-reactive 
protein was significantly different (P<.01) between all 
outcome groups starting on the third day after trauma. A 
significantly higher accumulation of lactate (P<.01) could 
be observed in nonsurvivors (group 1) compared with 
survivors with OF (group 2) throughout the 14 days of 
observation. Moreover, lactate levels of group 2 differed 
significantly (P<.01) from those of group 3 during the first 
8 days. Antithrombin III showed a significantly lower in- 
hibitory activity (P<.01) in groups 1 or 2 vs 3 all the time 
and between groups 1 and 2 (nonsurvivors vs survivors 
with OF) (P<.05) after the first week. In contrast, a 
significant difference in plasma levels of phospholipase A 
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Table 4.—Onset of Infection in Relation to Onset of 
Organ Failure (OF) in Patients With Trauma With OF 
Starting After the Third Posttraumatic Day (n= 18) 


Onset of infection/sepsis 
=2 d before OF 
1d before to 1 d after OF 
=2 d after OF 


No infection/sepsis 








O wut 
va od 





among the three groups became obvious only after more 
than a week following trauma. 

For the same factors, a comparison was accomplished 
between patients suffering from infection/sepsis and 
those who did not sustain these entities. To exclude the 
above-described influence of outcome, the comparison 
was performed separately within each outcome group. In 
the following figures, the results of the largest group 
(survivors with OF, group 2) are shown, which are sim- 
ilar to the results of the other two groups. 

Figure 3 represents the graphs for patients with and 
without infection. No significant differences were ob- 
served for any of the factors, except for PMN-elastase, 
which differentiated between infected and noninfected 
patients. 

The plasma levels of mediators of patients with and 
without sepsis are shown in Fig 4. The elastase values 
were significantly higher in patients in whom these signs 
of bacterial sepsis developed than in those in whom signs 
did not develop. This difference became obvious from the 
second posttraumatic day onward with P values usually 
varying between .01 and .05. None of the other factors 
(neopterin, C-reactive protein, lactate, antithrombin III, 
phospholipase A) showed a clear discrimination between 
patients with and without bacterial sepsis at any time. 


COMMENT 


In 1980, Fry et al’ published results of 553 patients who 
underwent emergency operations, of whom 38 had de- 
velopment of multiple OF. Thirty-four of these patients 
showed signs of infection and the authors concluded that 
infection and its systemic manifestations were the most 
crucial factor in the evolution of OF in patients after sur- 
gery. Infection was found in 46 of 47 patients with lethal 
adult respiratory distress syndrome in a necropsy study." 
Thus, a major role of infection in the pathogenesis of OF 
was established for patients following surgery and for 
patients with internal disease. 

In the original communications of multiple OF,>° how- 
ever, it has been shown that in addition to infection, other 
inflammatory processes or hypotension may lead to mul- 
tiple OF. In our prospective series of multiply injured pa- 
tients, about a quarter of all individuals with isolated or 
multiple OF did not show any signs of bacterial infection 
at all. Similar observations were made by several other 
authors: Goris et al’ failed to prove infection in 24 (43.6%) 
of 55 severely injured patients with lethal multiple OF. 
Border” found negative blood cultures in two thirds and 
no septic focus in one third of his patients with multiple 
OF following trauma. In another study 49 (56%) of 88 pa- 
tients with adult respiratory distress syndrome did not 
show signs of infection. Moreover, in a further investi- 
gation, no sepsis was observed in six (23%) of 26 patients 
with multiple OF. However, in this study, the cases of 
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Fig 2.—Mean (+SEM) values of lactate, polymorphonuclear leukocyte-elastase, antithrombin III, C-reactive protein, neopterin, and phos- 
pholipase A in the following three outcome groups: group 1—16 nonsurvivors (asterisks-connected dashed line); group 2—47 survivors with 
organ failure (open circles-connected dashed line); and group 3—37 survivors without organ failure (plus signs-connected dashed line). As- 
terisk indicates P<.05; double asterisks, P<.01 group 1 vs group 2; closed circles, P<.05; double closed circles, P<.01 group 1 vs group 3; 


triangles, P<.05; and double triangles, P<.01 group 2 vs group 3. 


13 patients with sepsis but without multiple OF were re- 
ported. This result corresponds to that obtained with our 
nine patients suffering from sepsis/infection without or- 
gan dysfunction (Table 2). Therefore, it can be concluded 
that sepsis does not necessarily lead to OF. 

All these communications provide reasonable evidence 
that multiple OF following trauma is present in 25% to 
50% of patients without signs of bacterial infection. Thus, 
OF occurs without the pathogenetic pacemaker of infec- 
tion in a substantial portion of patients with trauma. To 
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further evaluate the role of infection in patients with OF, 
we analyzed the temporal relation between onset of OF 
and diagnosis of infection. 

In those patients who sustained early OF within 3 days 
after trauma, a substantial part showed no signs of infec- 
tion (20%) or sepsis (58%) in our study. Those who suf- 
fered from infectious entities usually did so only 2 or more 
days after the manifestation of OF. Similar observations 
were made by other authors” who could not prove sepsis 
in 15 severely injured patients with early multiple OF. In 
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Fig 3.—Mean (+SEM) values of lactate, polymorphonuclear leukocyte-elastase, antithrombin III, C-reactive protein, neopterin, and phos- 
pholipase A in survivors with organ failure (n= 47) with infection (n=35) (asterisks-connected dashed line) and without infection (n = 12) 
(open circles-connected dashed line). Asterisk indicates P<.05; double asterisks, P<.01 infection vs no infection. 


patients with early OF, the severity of the initial trauma 
and its biochemical sequelae seemed responsible for the 
development of OF. Infection and sepsis followed, if at 
all, with a lag of at least 2 days. Infections did not influ- 
ence the posttraumatic course in 56% of the patients in our 
series. On the other hand, in 44% a further deterioration 
in the patient’s organ dysfunctions became obvious when 
infections supervened. 

Eighteen patients had development of late OF after the 
third posttraumatic day. In this group of patients, infec- 
tion could not be observed in 33%. If present, however, 
signs of infection were recorded at the same time or even 
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before OF started in 75% of patients. Therefore, a caus- 
ative role of bacterial infection in the development of OF 
can be assumed in this subset of patients. This observa- 
tion corresponds to those of other authors” who have 
found sepsis in all patients with delayed onset of OF. 
Monitoring of mediators and indicators of the inflamma- 
tory response to a variety of stimuli allows a more precise 
description of the body’s reaction than can be achieved 
with clinical data alone. The release of these factors may 
be triggered by direct tissue trauma, tissue hypoxia in cir- 
culatory shock, infection, and sepsis or others. Some of 
them (eg, C-reactive protein, neopterin, lactate) are indi- 
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Fig 4.— Mean (+SEM) values of lactate, polymorphonuclear leukocyte-elastase, antithrombin III, C-reactive protein, neopterin, and phos- 
pholipase A in survivors with organ failure (n= 47) with sepsis (n= 17) (asterisks-connected dashed line) and without sepsis (n = 30) (open 
circles-connected dashed line, n=30). Asterisk indicates P<.05; double asterisks, P<.01 sepsis vs no sepsis. 


cators of the inflammatory response and do not seem to 
have any causative role of their own in the development 
of OF. Others, such as PMN-elastase, antithrombin III, or 
phospholipase A may lead to proteolytic tissue damage, 
play a role in the formation of thromboembolism,” or en- 
hance the arachidonic acid pathway.” In experimental 
models and clinical studies,”* a pathogenetic significance 
could be attributed to these mediators; their actual role in 
the development of posttraumatic OF, however, remains 
incompletely defined. Many other biochemical pathways 
not determined in this study are involved in the process 
of OF. Yet, those factors presented herein are known to 
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correlate highly with traumatic or septic events. For 
example, the neutral proteinase PMN-elastase is released 
from the primary inflammatory cells (PMN granulocytes) 
by major surgery '®” and trauma! and correlates well 
with the severity of trauma.'’” Furthermore, elastase al- 
lowed the differentiation between surgical patients with- 
out complications, septic survivors, and septic nonsurvi- 
vors in one series’ and the septic nonsurvivors and 
nonseptic patients in another.” Neopterin, an indicator of 
macrophage activity, showed significant differences be- 
tween survivors and nonsurvivors” and septic and non- 
septic patients in an intensive care unit.” C-reactive pro- 
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tein is an acute-phase reactant that may serve as an 
indicator of the activation of cytokine pathways. It is not 
only raised in septic shock’*” but also shows an elevation 
in patients who have sustained trauma with significant 
differences between mild injuries, severe injuries without 
complications, and those with sepsis.” Antithrombin III, 
the main inhibitor of the coagulation system, has been 
shown to differ significantly between survivors and non- 
survivors suffering from septic shock,” septic and non- 
septic patients,” and patients with trauma with and 
without hypotension.” Phospholipase A, an inducer of 
the arachidonic acid metabolism, was shown to correlate 
highly with hypotension in septic shock.” 

In our series of 100 severely injured patients, all of these 
mediators and indicators of the inflammatory response 
showed a high correlation with the patients’ outcome. The 
differentiation among nonsurvivors (all with OF), survivors 
with OF, and survivors without OF was possible already 
within the first hours after the accident using the plasma lev- 
els of elastase, lactate, and antithrombin III or after a few days 
with the help of neopterin, C-reactive protein, and phospho- 
lipase A values. These differences were observed before in- 
fections or bacterial sepsis could be anticipated and remained 
throughout a period of 2 weeks. We therefore conclude that 
it is mainly the severity of the initial trauma and its biochem- 
ical sequelae that trigger the release of inflammatory medi- 
ators and indicators not only in the immediate posttraumatic 
period but also in the later course where it can lead to a pro- 
longed disturbance of the homeostasis. 

Since blunt trauma as well as bacterial complications 
and sepsis initiate the release of mediators and indicators 
(see above), we compared the reaction of these mediators 
in severely traumatized patients with and without infec- 
tion and sepsis. Increased levels of inflammatory reac- 
tants should be expected in individuals with infectious 
complications. Surprisingly, only the elastase values were 
significantly higher in patients with sepsis and infections 
as compared with the other patients, whereas no other 
mediator seemed to be affected by sepsis or infection. Al- 
though it cannot be ruled out completely that sepsis starts 
in different patients at different times, thus smoothing 
differences, Fig 1 shows a peak of septic events between 
days 5 and 9. One might assume that due to the perma- 
nent influx of intact bone marrow-derived cells, the acti- 
vation of PMN granulocytes precedes this period (Fig 4), 
thus indicating a contribution of PMN cell constituents to 
the development of sepsis. In contrast, the body’s ability 
to produce or consume (eg, antithrombin III) the other 
mediators in an augmented amount seems to be either 
exhausted after the trauma-induced activation or does not 
even take place. Therefore, these mediators do not seem 
to play a crucial role for onset or duration of the septic 
event in the later course. The observation of a high rate 
of infections in patients with trauma, despite a lack of 
mediator release, might lead to the speculation that one 
main stem of our diagnosis of infection, namely the bac- 
terial focus, may be just a sign of bacterial overgrowth due 
to the failing immune system and not represent a genu- 
ine infection leading to OF in several patients. 

In conclusion, isolated and multiple OF in severely in- 
jured patients seems to have a variety of causes and can- 
not be attributed exclusively to infection. (1) In about a 
quarter of patients with OF, infection does not seem to 
play a significant role at any time. (2) Of those patients 
with infection, three quarters show an early onset of OF 
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long before infection starts. In only half of them, infection 
or sepsis leads to a consecutive deterioration of organ 
functions. In patients with late onset of OF, infection and 
sepsis precede the disturbance of organ function and 
seem to have pathogenetic significance. (3) The release or 
activation of mediators and indicators of the inflammatory 
response are mainly dependent on the severity of injuries. 
Only PMN-elastase showed a correlation with sepsis and 
infection, whereas the other factors were not influenced 
by bacterial complications, indicating that PMN cell con- 
stituents may contribute to the occurrence of sepsis. 

The cause of OF is not always clear in the individual 
patient with trauma. The classic bacterial infection is not 
the sole contributor to the multiple OF syndrome. Since 
the term sepsis is closely related to a bacterial infection, we 
suggest that this diagnosis no longer be used in patients 
who have sustained trauma. 
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The authors review their experience over 4 years with se- 
verely injured patients in Munich. The major points in this 
interesting article are as follows: (1) Severe injury can produce 
single and multiple OF early after injury. Infection may then 

_ follow and was often associated with further deterioration in 
organ function. (2) Patients who had development of OF later 
after injury frequently had infection beforehand, suggesting 
that the infection was the cause of organ dysfunction. (3) With 
severe injury, the inflammatory process altered mediator 
levels, and these alterations were greater in patients who did 
not survive. There was an increase in lactate and C-reactive 
protein values, reflecting the severity of the injury. There was 
a sustained increase in the elastase level, with a late rise in 
phospholipase A and neopterin values, and less antithrom- 
bin III activity. (4) In patients with OF who eventually 

survived, mediator levels other than elastase were no differ- 

ent whether the patien: had sepsis or infection in addition to 
the injury. Elastase levels were higher in patients with sepsis 
or infection. 

The hospital where this study was carried out is in the cen- 
ter of Munich. The patients all had severe blunt trauma and 
I assume were injured in pedestrian or vehicular accidents. I 
also assume that earty fixation of fractures was carried out 
(“osteosynthesis”). Single organ failure occurred in 31 pa- 
tients, and I assume that this was the lung in most, if not all, 
and multiple OF occurred in 32 patients. 

The injury severity score was highest in the nonsurvivors 
and lowest in surviving patients without OF. Organ failure 
that developed within the first several days was primarily 
respiratory failure. Organ failure developing at 6 to 8 days 
was associated with liver failure and often related to infection. 
This is consistent with our experience as reviewed by Faist et 
al” at the Klinikum Groshadern in Munich. 

The authors compare their experience with that reported by 
Fry et al’ in 1980 in which they described multiple OF as be- 
ing due to infection in most patients. The patients whose 
cases were reported by Fry et al, from Louisville, Ky, differed 
from this experience in Germany. Fry et al studied 553 
patients having emergency operations, with abdominal in- 
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jury in about half. Three hundred seventy-eight patients had 
blunt or penetrating trauma. One hundred seventy-five pa- 
tients had nontraumatic emergency operations for a perfo- 
rated viscus or appendicitis. Thus, peritonitis was common, 
and infection was frequent, in comparison with the blunt 
trauma experience in Munich. The concluding statement of 
Fry et al is still true; “multiple organ failure is the most com- 
mon fatal expression of uncontrolled infection.” 

I am uncertain about the authors’ differentiation between 
“sepsis” and “infection.” Sepsis requires a culture-proved 
bacterial focus along with elevated temperature, elevated 
WBC count, or altered platelet counts. Infection was de- 
scribed as pneumonia, urinary tract infection, or catheter in- 
fection. Nothing is said about other infections, particularly 
peritonitis or wound infections. Thus, I assume that they did 
not encounter them. Originally, sepsis meant bacterial infec- 
tion. Now the term has been used by some to describe a clin- 
ical state with or without bacteria present. This should more 
properly be called a “sepsis syndrome,” ie, a clinical state of 
pyrexia, leukocytosis, and altered mentation with a hyper- 
dynamic circulation and hypermetabolism. Multiple OF, al- 
though frequently following infection, may follow inflam- 
mation without infection, as with pancreatitis, and occurs 
with inadequate blood flow, as with a low cardiac output af- 
ter heart operations. Thus, tissue damage, inflammation, and 
infection are closely interrelated. The authors state that the 
presence of bacteria in some of their patients may be a sign 
of bacterial overgrowth, due to a failing immune system, and 
may not represent true infections. Border” suggests the 
saprophytic nature of some of these bacterial infestations. 
Thus, multiple OF can occur in patients with trauma without 
infection, and injured patients with infection may not get OF. 
Excellent resuscitation and patient care can decrease the in- 
cidence of both infection and multiple OF. Whether inflam- 
matory mediators can be modulated remains to be deter- 
mined. 

ARTHUR E. BAUE, MD 
St Louis, Mo 
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Surgical Treatment of Ductal Carcinoma 
In Situ of the Breast 


10- to 20-Year Follow-up 


Terry Simpson, MD; Richard C. Thirlby, MD; David H. Dail, MD 


è Between 1967 and 1977, 36 patients received treatment 
at the Virginia Mason Medical Center in Seattle, Wash, for 
ductal carcinoma in situ of the breast. Twenty-five patients 
had modified radical mastectomies, 10 had radical mastec- 
tomies, and one had a simple mastectomy. Twenty-seven 
patients have been followed up for at least 10 years and are 
without known recurrence (mean follow-up, 17.7 years; 
range, 8 to 24 years), eight patients died without known re- 
currence (mean follow-up, 10.6 years; range, 6 to 14 years), 
and one patient with a prior contralateral mastectomy for 
infiltrating cancer of the breast had a recurrence in the 
scalene nodes on the side of the infiltrating cancer and died 
of metastatic cancer. No patients with ductal carcinoma in 
situ had local recurrences in the ipsilateral breast or chest 
wall, and no patients developed cancers in the contralateral 
breast; one patient had axillary metastasis. Twenty-eight 
(78%) of 36 patients had multicentric ductal carcinoma in 
situ in their mastectomy specimens. Twenty-three (88%) of 
26 patients with comedocarcinoma-type ductal carcinoma 
in situ had multicentric lesions. Conversely, patients with 
low-grade nuclear papillary ductal carcinoma in situ did not 
have multicentric lesions. Five (14%) of 36 patients had in- 
cidental microinvasion discovered in the mastectomy spec- 
imens; all had comedocarcinoma. In summary, our study of 
patients with ductal carcinoma in situ revealed that (1) 
mastectomy provided excellent local and systemic control; 
(2) cancer in the contralateral breast was infrequent; (3) 
axillary metastasis was rare; and (4) histologic features of 
tumors markedly affected the frequency of multicentricity 
and chance for microinvasion. 
(Arch Surg. 1992;127:468-472) 


paee carcinoma of the breast, or ductal carcinoma 

in situ (DCIS), is being diagnosed with increasing fre- 
quency. Approximately 20% of neoplasms biopsied be- 
cause of mammographic findings are intraductal cancers 
or DCIS.'? The optimal therapy for patients with DCIS is 
unknown. Traditional treatment is mastectomy; how- 
ever, many patients with DCIS have been treated with 
biopsy and radiotherapy.* This study reviewed our expe- 
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rience with mastectomy as therapy for DCIS. Because the 
time from diagnosis of DCIS to progression to local recur- 
rence or invasive cancer may be greater than 10 years, 
only patients treated before 1977 were evaluated. 


PATIENTS AND METHODS 


Between 1967 and 1977, 786 patients underwent mastectomies 
for breast cancer at the Virginia Mason Medical Center in Seat- 
tle, Wash. Thirty-six (5%) patients with DCIS were reviewed. 
Patients who had DCIS with incidental microscopic invasive 
cancer were included. Women with Paget's disease but no inva- 
sive cancer were also included. Patients (n= 47) who had palpa- 
ble invasive cancer with extensive DCIS as an incidental finding 
were excluded. Twenty-five had modified radical mastectomies, 
10 had radical mastectomies, and one had a simple mastectomy. 
During the study period, patients with DCIS did not receive ad- 
juvant radiotherapy or chemotherapy. 

All slides, tissue blocks, and pathologic reports were available 
for examination. Mastectomy specimens were processed simi- 
larly to the protocol outlined by the Pathology Working Group 
of the National Breast Cancer Task Force. A minimum of four 
sections was provided from each quadrant as well as the entire 
nipple. All the slides from these specimens were reviewed by 
one pathologist and graded according to the histologic type of 
DCIS, size of the lesion, whether residual carcinoma was 
detected at the site of the biopsy, and the nuclear grade of the 
lesion. Multicentricity was defined as DCIS in quadrants other 
than the original site of the biopsy. In this study, the term come- 
docarcinoma was used for any nuclear grade in situ cancer with 
central to eccentric necrosis. 

We were able to follow up patients in this series via the Tumor 
Registry, patient's charts, those who underwent yearly exami- 
nations, and mammography. Eight patients died from unrelated 
causes 6 to 14 years after mastectomy. Two patients were not in- 
cluded in the follow-up statistical analysis; one who died 1 year 
following mastectomy from unrelated causes, without evidence 
of breast cancer at autopsy, and one who had a prior contralat- 
eral cancer and ultimately died of metastatic breast cancer from 
recurrence on that side. The mean follow-up time in surviving 
patients was 17.7 years (range, 10 to 24 years). Data were ana- 
lyzed with x? analysis and differences were considered signifi- 
cant at P<.05. 


RESULTS 
Presentation 
Nine patients had palpable lesions. Four patients had 
Paget's disease but pathologic findings of DCIS only. Al- 
lother patients (n=23) underwent biopsy because the 
mammogram was suggestive of cancer. 
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Table 1.—Clinical Presentation of 
Ductal Carcinoma in Situ 


Solid- 
Papillary Cribriform Comedo Total 


Abnormal 
mammogram 


Paget's disease 
Palpable lesion 
Total 





Table 2.— Histologic Type vs Nuclear Grade of 
Ductal Carcinoma In Situ 


Nuclear Grade 









Histologic Type 


Papillary 
Solid-cribriform 







Comedo 
Total 






Table 3.—Effect of Pathologic Subtype and Nuclear Grade on Multicentricity of Ductal Carcinoma In Situ 


No. (%) of Multicentricit es 


c. ae ae) ele se oe Pe ee 
Histologic Type Grade | Grade II Grade III 


Papillary 0/3 
Solid-cribriform 4/5 (80) 
Comedo 6/8 (75) 
Total 10/16 (62) 





Microinvasion and/or Axillary Metastases 


Five patients (14%) had incidental microinvasion. The 
incidence of microinvasion in palpable or mammographic 
lesions was two (22%) of nine or three (13%) of 23, 
respectively (P = .92). All patients with microinvasion had 
comedocarcinoma DCIS, four with nuclear grade III, one 
with nuclear grade I, and all were multicentric. Four of the 
five patients with microinvasion remained alive and 
without evidence of recurrence, and one died without 
evidence of recurrence more than 10 years following pre- 
sentation. One of the five patients with microinvasion had 
nodal involvement at the time of operation. No other pa- 
tient in the entire series had nodal involvement. 


Histologic Findings 

The histologic subtypes of DCIS in the patient groups 
as defined by clinical presentation are shown in Table 1. 
The distributions of papillary, solid-cribriform, or come- 
docarcinoma were essentially the same among patients 
with abnormal mammograms, Paget's disease, or palpa- 
ble lesions. Table 2 compares the histologic subtypes with 
nuclear grade. All patients with papillary DCIS had grade 
I or low-grade lesions, whereas 12 (46%) of 26 patients 
with comedocarcinoma-type DCIS had grade III or high- 
grade lesions. 

The relationship of the pathologic subtype and/or nu- 
clear grade to multicentricity of DCIS is summarized in 
Table 3. Twenty-eight (78%) of 36 patients had multicen- 
tric DCIS identified in the mastectomy specimens in 
quadrants remote from the original site of the biopsy. 
Pathologic subtype affected the incidence of multicentric- 
ity. None of the three patients with nuclear grade I pap- 
illary DCIS had multicentric lesions, whereas all 12 
patients with grade III comedocarcinoma tumors had 
multicentric cancers. Twenty-three (88%) of 26 patients 
with comedocarcinoma had multicentric DCIS. 


Recurrence 


There were no local or systemic recurrences and no 
subsequent contralateral breast cancers in the series. 
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0/3 


1/2 (50) i 5/7 (71) 


5/6 (83) 12/12 (100) 23/26 (88) 
6/8 (75) 12/12 (100) 28/36 (78) 


COMMENT 


To our knowledge, this series is the longest reported 
follow-up of patients with DCIS treated with mastecto- 
mies (Table 4). Since the interval from biopsy of DCIS le- 
sions to local recurrence is between 5 and 10 years in many 
series, we only analyzed patients treated before 1977. This 
contrasts with recent series reporting good results after 
excision and radiotherapy in patients with DCIS. 

Untreated or incompletely resected DCIS progresses to 
invasive breast cancer in many, but not all, patients (Ta- 
ble 5). Reported recurrence rates following excisional bi- 
opsy vary from 10% to 63%** (the average rate is approx- 
imately 30%).’**"* The average time from biopsy to the 
development of breast cancer in these series approached 
10 years."’'® The data presented in Table 3 suggest that 
multicentricity in patients with DCIS is common, espe- 
cially in patients with comedocarcinoma DCIS. In our se- 
ries, 78% of patients had multicentric DCIS. It is likely, 
therefore, that local recurrences in patients with DCIS 
represent both recurrences of the primary tumor as well 
as metachronous primary tumors elsewhere in the breast. 
Surprisingly, patients with DCIS in our series did not de- 
velop ccntralateral breast cancers. Others have reported 
bilateral ty rates in patients with DCIS ranging from 0% 
to 10%.™® 

The role of adjuvant radiotherapy in enhancing local 
control after excision or partial mastectomy for DCIS is 
unclear. Only one study (National Surgical Adjuvant 
Breast Froject, protocol 6) has compared excision alone 
with excision plus radiotherapy in a controlled fashion, 
and it had small numbers and a short period of follow- 
up.” This study included 51 patients treated with partial 
mastectomy who, in retrospect, were found to have DCIS 
only; 29 (57%) received radiotherapy and 22 (43%) did not. 
With a mean follow-up of only 3.4 years, local recurrence 
developed in two (7%) of 29 patients who received adju- 
vant raciotherapy and five (23%) of 22 patients who did 
not (P=.22). Surprisingly, these data have been claimed 
to show that radiotherapy enhanced local control in 
patients with DCIS. Others have also reported results in 
patients with DCIS treated with excision and radiother- 
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Arnesson et al,* 1989 28 77 2156 
Silverstein et al,* 1990 109 51 5559 
Schuh et al,’ 1986 52 66 3432 
Present study 34 212 7208 
Kinne et al,® 1989 82 138 11316 


Total/mean 305 








Mean Patient 
No. of | Follow-up, Follow-up, 


Investigators Patients mo mo 


Baird et al,? 1990 
Arnesson et al,* 1989 
Temple et al,” 1989 


Page et al," 1982 
Fisher et al,'* 1986 
Lagios et al,’ 1989 
Price et al," 1990 
Gallagher et al, 1989 
Carpenter et al,” 1989 
Total/mean 


apy with recurrence rates averaging about 10% (Table 
6).>%9.121926 The experience with radiotherapy in patients 
with invasive ductal carcinoma of the breast suggests that 
DCIS is not sensitive to radiotherapy.’*°*’ In patients with 
invasive ductal cancers of the breast treated with excision 
and radiotherapy, local recurrence rates are increased if 
DCIS coexists. It is possible, therefore, that DCIS is a 
marker for a radioresistant, premalignant lesion. Further- 
more, in patients with DCIS, radiotherapy may actually 
have adverse effects. Mammographic interpretation of 
the irradiated breast is difficult.” Early recurrences may 
be obscured by radiation and surgical changes in the 
breast, and the tendency of intraductal lesions to precip- 
itate calcium into the lumen of the duct may be lost in the 
irradiated breast.!!!”8 Therefore, local recurrences after 
partial mastectomy and radiation may be diagnosed late, 
adversely affecting the outcome. The data in Tables 5 and 
6, however, suggest that the frequency of invasive cancers 
in local recurrences after excisional biopsies is similar in 
patients with or without adjunctive radiotherapy. Sixty- 
four percent of local recurrences in previously described 
patients with excisions only were invasive cancers, and 
67% of local recurrences in patients with excisions plus 
radiotherapy were invasive cancers. 

The fate of patients with DCIS who develop local 
recurrences after partial mastectomies with or without 
adjuvant radiotherapy is unknown. Local recurrences 
would be acceptable if patients subsequently treated with 
salvage mastectomy were all cured. Unfortunately, two 
thirds of local recurrences in patients treated with radio- 
therapy are invasive ductal cancers (Table 6), and several 
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Table 4.—Effect of Mastectomy on Recurrence of Ductal Carcinoma In Situ 


Mean Patient No. (%) of Follow-up Per Follow-up Per 
No. of Follow-up, Follow-up, No. of Recurrences of Any Recurrence, Recurrence of Invasive 
Investigators Patients mo mo Recurrences Invasive Cancer mo Cancer, mo 


wo o å =- oO oO N 


No. (%) of 
Recurrences 





Length of Patient Length of Patient 








2 (100) 2780 2780 
1 (100) 11316 11316 
3 (100) 


Length of Patient 
No. (%) of Follow-up Per 
Recurrences of Any Recurrence, 
Invasive Cancer mo 


1 (25) 
2 (40) 
2 (100) 
7 (100) 
2 (40) 
4 (50) 
12 (55) 
3 (60) 
1 (20) 
34 (64) 


Length of Patient 
Follow-up Per 
Recurrence of 

Invasive Cancer, mo 


studies indicate that 25% of patients are free of disease for 
a period of 5 years after salvage mastectomy for invasive 
cancer.™? In one series, 57% of patients with local recur- 
rences after excision of intraductal tumors developed 
systemic metastasis.”° 

The literature describing surgical treatment of patients 
with DCIS is summarized in Tables 4 through 6. The mean 
lengths of follow-up in patients treated with biopsy and 
radiotherapy are shorter than in patients in other treat- 
ment groups. The months of follow-up per recurrence are 
similar in patients after undergoing biopsy with or with- 
out radiotherapy. The recurrence rates in patients treated 
with excision or excision plus radiotherapy are 315 and 
551 months of follow-up per recurrence, respectively. In 
contrast, there are 9890 months of follow-up per recur- 
rence in patients with DCIS treated with mastectomies. 
Some treatment failures in patients who underwent mas- 
tectomy were nodal recurrences in the lymphatic drainage 
of the contralateral breasts, probably as a result of 
contralateral cancers. In our opinion, the data in Tables 4 
through 6 emphasize (1) the lack of proof of efficacy of ra- 
diotherapy; and (2) the success of mastectomy in patients 
with DCIS. 

Routine axillary node dissection carries significant mor- 
bidity and is of limited value in most patients with DCIS, 
as only 1% to 3% have positive axillary nodes. However, 
in our series, all grade III comedocarcinomas were multi- 
centric, and 42% (five of 12) of patients had incidental mi- 
croinvasion. Thus, we believe that high-grade come- 
docarcinoma is a subgroup in which the morbidity of the 
axillary dissection is outweighed by the diagnostic and/or 
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CF 








Table 6. 












Baird et al,’ 1990 8 39 312 





Silverstein et al,° 1990 104 51 5304 
Kurtz et al, 1989 43 61 2623 
Recht et al,” 1985 40 44 1760 
Fisher et al,? 1986 29 39 1131 
Zafrani et al,” 1986 54 55 2970 
Stotter et al,” 1990 42 92 3864 
Solin et al,” 1990 51 68 3468 
Bornstein et al,™ 1991 38 81 3078 
McCormick et al,” 1990 54 36 1944 





Total/mean 





therapeutic information. Comedocarcinoma is a sub- 
group of DCIS at increased risk of invasive cancer,’””” 
thus justifying axillary dissection. 

The incidence of multicentricity in our series was 78%; 
most were comedocarcinomas. Obtaining clear margins 
may be possible at the site of the biopsy; however, this 
does not ensure thatother quadrants are free of DCIS. 
In one series, six of seven patients who had recurrences 
(after excision and radiotherapy) were found to have 
multicentric lesions on salvage mastectomy, even though 
the original lesion had clear margins." If excision of all 
DCIS is the objective, then mastectomy is required in 
patients with comedecarcinoma. Our data also empha- 
size the importance of histologic classification of 
DCIS.19627,32,33 A biopsy specimen with DCIS high-grade 
nuclear comedocarcinoma should be considered an inci- 
sional rather than excisional biopsy specimen, even with 
pathologic clear margins, because of multicentricity. 

In summary, the cure rate in our series of patients with 
DCIS treated with mastectomies in this series was virtu- 
ally 100%. There were no local recurrences and only one 
bilateral cancer. Since no patient (n=31) with DCIS with- 
out microinvasion kad axillary metastases, lymph node 
dissection is not warranted in these patients. However, in 
patients with high-grade nuclear comedocarcinomas, the 
virtual certainty of synchronous cancers in the breast 
might warrant axillary dissection. If patients with DCIS 
are treated with exc:sional biopsy, surgeons should con- 
sider the potentially harmful effect of radiation on mam- 
mographic follow-up as well as the unproven effect of ra- 
diotherapy on local control. Furthermore, tumor 
histologic findings should influence decision-making. 
Patients with high-grade comedocarcinoma should be as- 
sumed to have multifocal cancer, making mastectomy the 
optimal treatment. Wide local excision is probably appro- 
priate in elderly patients, especially those with low-grade, 
papillary neoplasms, since the incidence of multicentric- 
ity is low and the mean time to local recurrence is at least 
5 years. There is little or no evidence that adjuvant radio- 
therapy is beneficial in these patients. In our opinion, 
until 10-year follow-up is achieved in series comparing 
excision with excision plus radiotherapy in patients with 
DCIS, the standard of care in most patients should be 
mastectomy without axillary dissection. In virtually all 
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— Effect of Treatment on Recurrence of Ductal Carcinoma In Situ: 


Mean Patient No. (%) of Follow-up Per Follow-up Per 
No. of | Follow-up, Follow-up, No. of Recurrences of Any Recurrence, Recurrence of 
Investigators Patients mo mo Recurrences Invasive Cancer mo Invasive Cancer, mo 


oumk WH fF WN WH 


È a 















Excision Plus Radiotherapy 
Length of Patient Length of Patient 





1 (50) 156 312 
2 (29) 758 2652 
3 (100) 874 874 
1 (50) 44 880 
9 (50) 566 1131 
2 (67) 990 1485 
4 (100) 966 966 
2 (40) 694 1734 
5 (63) 385 616 
3 (33) 194 648 
32 (67) 





patients, immediate breast reconstruction should be avail- 
able, making the choice to proceed with mastectomy 
much easier. 


The authors thank Roberta Gilbert for manuscript preparation and 
Patricia Schultz, RRA, of the Virginia Mason Tumor Registry for her 
contribution to the manuscript. 
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Dietary Lipid Predictors of Coronary Heart Disease in Men: 


Barbara Millen Posner, DrPH, RD; Janet L. Cob>, MPH; Albert J. Belanger, MA; 
L. Adrienne Cupples, PhD; Ralph B. D’Agostin>, PhD; Joseph Stokes III, MD 


The relationship between dietary lipids and the 16-year incidence of coronary heart disease 
(CHD) morbidity and mortality was examined in two mae cohorts, aged 45 to 55 years (n = 420) 
and 56 to 65 years (n= 393) from the Framingham Study. Dietary lipids were assessed through 
a single 24-hour recall at the initiation of follow-up in 196 to 1969. In the younger cohort, there 
were significant positive associations between the incidence of CHD and the proportion of 
dietary energy intake from total fat and monounsaturased fatty acids. The proportion of en- 
ergy intake from saturated fatty acids had a marginally significant positive association with 
CHD. The associations remained even after adjustment -or cardiovascular disease risk factors, 
including serum cholesterol level, suggesting that their effects are at least partially indepen- 
dent of other established risk factors. In contrast to the younger cohort, none of the dietary 
lipids were associated with CHD in the older cohort. Dætary intervention for the prevention 
of CHD in younger men is supported by these findings. Arch Intern Med. 1991;151:1181-1187). 
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Clinical Observation 





Graft Involvement by Legionella in a Liver 
Transplant Recipient 


Yukihiko Tokunaga, MD; Waldo Concepcion, MD; William E. Berquist, MD; Kenneth L. Cox, MD; Lory D. Wiviott, MD; 
Richard Gercia-Kennedy, MD; Hidetoshi Itasaka, MD; Paul Nakazato, MD; Carlos O. Esquivel, MD, PhD 


è Legionella pneumophila, serogroup 1, was identified by 
direct immunofluorescence in the lung and liver graft from 
a 2'/-month-old infant who underwent orthotopic liver 
transplantation because of fulminant hepatic failure sec- 
ondary to neonatal hepatitis. The patient died of respiratory 
failure owing to this infection 22 days after transplantation 
despite treatment with erythromycin lactobionate. To our 
knowledge, this represents the first reported case of hepatic 
infection with Legionella in liver transplant recipients. 
(Arch Surg. 1992;127:475-477) 


hig aes has been recognized as a cause of severe 
lower respiratory tract infections in immunocompro- 
mised patients' and patients with organ transplants, 
including kidney,” heart,’ and bone marrow.* Many spo- 
radic and epidemie cases of nosocomial legionellosis with 
a significant mortality have been described previously." 
Most reports imp icated water storage and distribution 
systems, such as shower baths, and hot water supply as 
sources of Legionel/a bacteria. Typical lesions of Legionella 
has occurred principally in the respiratory tract.'° In 
recent years, however, Legionella pneumophila has occa- 
sionally been identified in organs other than the lung, 
such as the brain,’ bone marrow,’ liver,’ spleen,’ and kid- 
ney,” evidencing the potential for multiorgan involve- 
ment. 

To our knowledge, hepatic infection with Legionella 
has not been previously described in liver transplant 
recipients. We describe herein a pediatric patient with 
fatal legionnaires disease, in whom L pneumophila, 
serogroup 1, was icentified by direct immunofluores- 
cence and culture in the liver graft as well as the lung 
and sputum. 


REPORT OF A CASE 


A 2¥%-month-old infant was transferred from another hospital 
to our institution Deeerrber 19, 1989, with fulminant liver failure. 
He was the product of a normal pregnancy. At 3 weeks of age, 
he became unresponsive, hypothermic to 34°C, and hypoglyce- 
mic. His total bilirubin level at that time was 183 pmol/L, with 
significant transaminase level elevation as well. His condition 
deteriorated despite aggressive intensive care unit support, and 
by the time of his transfer to our institution, his problems 
included respiratory failure requiring intubation, severe coagu- 
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lopathy requiring regular infusions of fresh frozen plasma 
following a double volume exchange, hepatic encephalopathy 
with an e.evated ammonia level, and hypoglycemia. 

Physical examination on transfer revealed a lethargic, jaun- 
diced, edematous infant with spontaneous eye opening but 
minimal spontaneous movement of extremities. Oral gastric and 
endotracheal tubes were in place. His weight was 4.27 kg. He 
was hypothermic with a blood pressure of 100/70 mm Hg, heart 
rate of 14) beats per minute, and central venous pressure of 12 
mm Hg with while receiving dopamine hydrochloride (8 pg/kg 
per minute). The respiratory settings were intermittent manda- 
tory ventilations of 45 per minute and a fraction of inspired ox- 
ygen of o7 0.8. The liver was 4 cm below the right costal margin, 
and the sdleen was 8 cm below the left costal margin. The neu- 
rologic examination revealed no focal findings. His renal func- 
tion was within normal limits. Chest roentgenogram showed bi- 
lateral diffuse interstitial infiltrates. The initial cultures of blood, 
urine, and spinal fluid were negative for routine bacterial patho- 
gens. Serologic studies for hepatitis A, B, and C as well as for 
Epstein-Earr virus, herpes virus, and Toxoplasma were not sug- 
gestive cf acute infection. Results of metabolic evaluation, 
including a,-antitrypsin level, ceruloplasmin, and urinary cop- 
per level, were within normal limits. 

The pa-ient’s initial hospital course was characterized by per- 
sistent liver failure and bacteremia with Staphylococcus epidermi- 
dis and Exterococcus, which were treated successfully with anti- 
biotics (F g 1). Radiologic findings continued to show bilateral 
patchy infiltrates. Stains and cultures of his endotracheal aspi- 
rate and lavage demonstrated white blood cells but with no bac- 
terial pathogens. While waiting for hepatic replacement, mas- 
sive bleeding developed from esophageal varices and he 
underwent endoscopic sclerotherapy on February 14, 1990. Fol- 
lowing stabilization, he underwent orthotopic liver transplanta- 
tion on February 23 using reduced-sized allograft. Massive 
edema ard congestion of the small bowel precluded biliary re- 
constructon, and the abdominal wall was closed temporarily 
with a sil cone elastomer (Silastic) sheet sutured to the edges of 
the fascia. No other operative or early postoperative complica- 
tions developed. Histopathologic examination of his explanted 
liver demonstrated neonatal cirrhosis with no specific cause of 
hepatic failure identified. On February 26, he underwent cre- 
ation of a Roux-en-Y choledochojejunostomy, closure of the ab- 
dominal wall, and splenectomy due to active bleeding noted at 
time of operation. 

On Merch 10, recurrent fever, leukocytosis of greater than 
30.0 x 10”L, abdominal distention, metabolic acidosis, and res- 
piratory dysfunction developed. Exploratory laparotomy and 
liver biopsy were performed. At surgery, multiple white plaques 
approximately 1 to 2.5 mm in size were found on the surface of 
the liver. There were also small white areas on the bowel serosa. 
At approximately the same time, direct immunofluorescent an- 
tibody staining (Genetic System, Seattle, Wash) on tracheal as- 
pirations demonstrated L pneumophila.‘ A concurrent liver 
biopsy specimen demonstrated multiple small abscesses in 
which L pneumophila was again identified by direct immunoflu- 
orescent antibody staining on the deparaffinized sections and by 
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Fig 1.— Hospital course of the patient. Asterisks indicate the time of 
laparotomy. OLT indicates orthotopic liver transplantation; IV, in- 
travenous; PO, oral; ALT, alanine transaminase (7 to 40 U/L); and 
GGT, y-glutamyltransferase (8 to 70 U/L). Salts of drugs given were 
vancomycin hydrochloride, cefuroxime sodium, acyclovir sodium, 
ampicillin sodium, amphotericin B, nystatin, erythromycin lacto- 
bionate, and clindamycin phosphate. 


Warthin-Starry stain (Fig 2). Despite the addition of erythromy- 
cin lactobionate (50 mg/kg per day) to his antibiotic regimen, the 
infant died on March 17, 1990 (Fig 1). 


AUTOPSY FINDINGS 


A limited autopsy was performed, and examination of 
the lungs and abdominal contents demonstrated both to 
be consolidated, with multiple small abscesses. The liver 
graft weighed 400 g, and, in addition to a surface fibrin- 
ous exudate, there were small white nodules up to 0.2 cm 
in diameter. On section of the liver, these and larger nod- 
ules up to 0.5 cm large were contiguous with foci of pu- 
rulent material all within approximately 2 cm of the liver 
surface. There was patchy pallor and softening in the liver 
periphery, which represented areas of infarction. Vascu- 
lar anastomoses and lumens were grossly patent. Micro- 
scopic examination confirmed much of the gross appear- 
ance with an acute and organizing pneumonia, including 
small necrotizing abscesses in the lung. Abscesses pe- 
ripherally in the liver were associated with areas of coag- 
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Fig 2.—Top, Hepatic abscess on biopsy specimen with confluent 
sheets of polymorphonuclear leukocytes and debris effacing the 
normal hepatic architecture (hematoxylin-eosin, X 100). Bottom, 
Innumerable bacterial rods (including intracellular forms) were eas- 
ily demonstrated on Warthin-Starry stain (x 1000). 


ulative necrosis. Both the hepatic artery and portal vein in 
the region of the anastomosis demonstrated a necrotizing 
vasculitis (Fig 3). Numerous rodlike organisms of L pneu- 
mophila were demonstrated in all these areas by fluores- 
cence and Warthin-Starry staining. In summary, the 
pathologic examination demonstrated pneumonia and 
hepatic Legionella infection with mycotic involvement of 
vasculargraft anastomoses and liver abscesses associated 
with areas of necrosis. The abscesses appear to have de- 
veloped in areas of devitalized tissue: peripheral ischemic 
liver and vascular anastomoses. 

Sputum and autopsy material were cultured on buff- 
ered charcoal yeast extract and buffered charcoal yeast 
extract with polymixin B, anisomycin, and vancomycin 
media with L pneumophila, serogroup 1, identified from 
sputum, lung, and liver. Environmental cultures were 
negative for Legionella in our hospital, and no other cases 
of legionellosis have been recently identified. 


COMMENT 


Since the outbreak of respiratory disease among per- 
sons attending an American Legion convention in 1976’ 
and subsequent isolation of the causative agent by 
McDade et al,” legionnaires’ disease has been recognized 
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Fig 3.— Hepatic artery at autopsy demonstrating multifocal replace- 
ment of the media with acute inflammatory cells and a reactive in- 
timal thickening. Appearance on Warthin-Starry stain was similar to 
Fig 2, bottom, demonstrating numerous bacteria, and direct fluo- 
rescence confirmed that these were Legionella pneumophila 
(hematoxylin-eosin, X 100). 


as a potentially fatal cause of bacterial pneumonia.’ 
Legionella pneumophila is also an important pathogen in 
immunosuppressed transplant recipients,’* producing a 
progressive pneumonia with a mortality of over 30% in 
patients treated with large doses of corticosteroid and 
other immunosuppressive agents.* It is critical to estab- 
lish the diagnosis quickly since erythromycin, the drug of 
choice against this disease,” is not generally included in 
empirical antibiotic combinations for febrile transplant 
recipients. Although not widely reported, it is probable 
that liver transplant recipients, like recipients of a renal,’ 
cardiac,’ or bone marrow transplant,‘ are at increased risk 
of Legionella infection. 

In epidemic legionellosis, clinical radiographic and ep- 
idemiologic features of the disease are often quite sug- 
gestive, such that a presumptive diagnosis can be estab- 
lished and therapy begun while awaiting laboratory 
confirmation. Clinical features include sudden onset of 
high fever, chills, diarrhea, nonproductive cough, and 
pleuritic pain. Radiographically, there is a patchy but 
rapidly progressive bronchopneumonia suggesting a ful- 
minant pyogenic process, but without a bacterial patho- 
gen detected on Gram-stained sputum smears.*’*"* Spo- 
radic cases, however, may be difficult to diagnose initially 
because many of these features are also seen in myco- 
plasma, chlamydial, and viral pneumonia.” In immu- 
nosuppressed patients, early diagnosis can be especially 
difficult as the clinical picture is not specific and the dif- 
ferential diagnosis is extensive. Furthermore, pulmonary 
infiltrates may not be present in the early stage of the dis- 
ease.*’° While awaiting culture, therefore, early diagnosis 
requires the demonstration of L pneumophila in clinical 
specimens by the direct immunofluorescent antibody 
technique.” 

Our patient demonstrated several of the above- 
mentioned features. He had sudden onset of high fever 
with marked leukocytosis and bilateral patchy infiltrates 
on chest radiographs. Despite the prompt diagnosis of 
legionellosis with direct immunofluorescent antibody 
staining and initiation of high-dose intravenous erythro- 
mycin, the patient ultimately succumbed to progressive 
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respiratory insufficiency and subsequent cardiovascular 
collapse. An additional aspect of this case was the 
dissemination of Legionella to the liver, where it affected 
primarily areas of devitalized tissue, including peripheral 
ischemic liver and vascular anastomosis. 

This case illustrates the fulminant and potentially fatal 
nature of Legionella infection in immunosuppressed pa- 
tients. In general, prognosis of legionnaires’ disease is 
more promising in the absence of underlying morbid dis- 
eases and when appropriate antibiotics are given 
promptly.’ In immunosuppressed patients, however, this 
infection carries a substantial mortality.'* Mortalities 
reported for immunosuppressed patients are as high as 
80% without therapy and up to 30% even with aggressive 
antibiotics.** At present, erythromycin remains the drug 
of choice for legionellosis.’’* Most patients have been re- 
ported to respond within 24 to 48 hours after institution 
of the antibiotic.’* Besides erythromycin, rifampin shows 
the greatest activity in in vitro and in vivo test systems. "° 
Some authors recommend the combination of both 
drugs,’* while others advocate deferring rifampin in the 
treatment of presumptive cases, reserving it for the 
patient who is not responding satisfactorily to erythro- 
mycin alone or with microbiologic confirmation of the di- 
agnosis.“ 

In summary, we describe a pediatric liver transplant 
recipient with fatal legionnaires’ disease that involved the 
liver graft and respiratory system. Physicians caring for 
liver transplant recipients should be aware of the poten- 
tial for this disease as an etiologic agent in the clinical set- 
ting of pneumonitis that has responded poorly to con- 
ventional antibiotic regimens. 
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Clinical Observation 


Mycotic Aneurysm of the Upper Abdominal 
Aorta Ruptured Into the Stomach 


H. Van Damme, MD; M. Belachew, MD; P. Damas, MD; 
J. L. Hosselet, MD; G. Dekoster, MD; R. Limet, MD 


è We report a case of primary aortogastric fistula with 

erosion of a mycotic aneurysm of the upper abdominal aorta 

into the stomach. The patient was successfully operated on 

with an in situ aortoaortic tube graft, incorporating the 

splanchnic vessels, and direct suture of the gastric erosion. 
(Arch Surg. 1992;127:478-482) 


pira aortogastric fistulas are uncommon. Fewer 
than 10 cases have been reported in the English- 
language literature (Table 1).'* Equally rare are isolated, 
mycotic aneurysms of the celiac aorta (segment IV). 
Thirty-three cases were reported in the literature (Table 
2).** The combination of an aortogastric fistula and a 
mycotic aneurysm of the upper abdominal aorta has been 
reported four times.**” Successful reconstruction of this 
condition, as far as we know, has not been previously 
described. 


REPORT OF A CASE 


A 50-year-old man presented with a 1-month history of 
intermittent upper abdominal pain, progressive weak- 
ness, and occasional low-volume hematemesis. On the 
day of admission, he vomited a large volume of fresh red 
blood and suffered hypovolemic shock shortly thereafter. 
Gastroscopy revealed a large, elevated, pulsatile, submu- 
cosal mass protruding from the posterior wall of the 
stomach, and in the center was a necrotic ulcer oozing 
bright red blood. Initial diagnosis was a bleeding peptic 
ulcer overlying a presumed tumor. At exploratory lap- 
arotomy, the surgeon discovered an aneurysm of the ret- 
rogastric aorta, with adhesion to and probable erosion of 
the stomach. He stopped exploration and referred the 
patient to our department. On preoperative chest roent- 
genograms, there was evidence of a shadow over the left 
lower thorax, with, on profile, a rounded aspect. The 
vascular origin of this added image was not immediately 
recognized. On arrival at our center, a computed tomo- 
graphic scan showed a 5-cm suprarenal, saccular, aortic 
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aneurysm at the level of the visceral arteries, extending 
througn the diaphragm into the lower thorax, with signs 
of a contained rupture (Fig 1). 

Through a thoracoabdominal incision, the retrocardiac 
thoracic aorta was controlled and the aneurysm and its 
contaired hematoma were exposed. Partial femoro- 
femoral extracorporeal circulation was instituted to pro- 
tect remal and spinal perfusion. A knitted, collagenated 
inlay aortoaortic tube graft was inserted inside the aneu- 
rysmal sac. An inclusion technique with spatulation and 
tapering of the distal anastomosis preserved the origin of 
the splanchnic vessels on the anterior side of the involved 
proximal abdominal aorta. The point of rupture was 
identified from within the aneurysm, and communication 
with the adherent stomach was demonstrated. Gastrot- 
omy did not reveal any evidence of an active peptic ulcer, 
and the erosion on the posterior wall was closed, from 
outside, with direct suture. 

An attempt was made to isolate the prosthetic tube graft 
with retroperitoneal omentum, associated with débride- 
ment and thorough drainage of the operative field. Cul- 
ture of the aneurysmal wall was positive after enrichment 
for Streptococcus mitis. Antibiotic sensitivity tests showed 
resistance to penicillin, ampicillin, and erythromycin, but 
good sensitivity to tetracycline, vancomycin hydrochlo- 
ride, ard amikacin. Antibiotic therapy consisted of 160 mg 
of gentamicin sulfate and 2 g of vancomycin hydrochlo- 
ride intravenously. A stormy postoperative course en- 
sued, with pneumonia, acute renal failure, and a regres- 
sive neurologic deficit. The patient recovered after a 2 
months’ stay in the intensive care unit. Control angiogra- 
phy and computed tomographic scan (Fig 2) documented 
a functioning tube graft without evidence of residual in- 
fection Since most of the contaminated necrotic tissue 
was excised at operation and there was no evidence of re- 
sidual infection, antibiotic therapy was discontinued 2 
months after surgery. The patient is alive and free of ap- 
parent infection 2 years after the operation. In the 
patient's past medical history, there is mention of severe 
gastroenteritis with diarrhea and fever in June 1989. The 
diarrheal illness subsisted after 4 weeks with conservative 
measures and a short therapeutic regimen of antibiotics 
(chloramphenicol hydrochloride). There was never any 
documentation of peptic ulcer disease or notion of blunt 
abdominal trauma. It is therefore reasonable to assume 
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Table 1.—Primary Aortogastric Fistulas 


Age, y/Sex 
45/M 


Source, y Aneurysm 


Bailey,’ 1891 Fusiform, 


infrarenal 
45 /M 


Zypkin,? 1913 


Saccular, Syphilis 


suprarenal 


27/M Saccular, 


supraceliac 


Feller,’ 1930 
cocci 


Fusiform, 
infrarenal 


Pescador and 
Villanueva,* 1934 


Kampmeier,’ 1936 Saccular, celiac 


aorta 


Scott et al,° 1949 Saccular, 


supraceliac 


Saccular, celiac 
aorta 


Strittmatter and 
Weinspach,’ 1984 


Fusiform, 
infrarenal 


Hauer Jensen and 
Dedichen,’ 1984 


that the mycotic pseudoaneurysm developed as a conse- 
quence of a febrile gastroenteritis 3 months before admis- 
sion. 


COMMENT 

This patient's history is consistent with a rapidly 
evolving mycotic sacciform aneurysm of the upper ab- 
dominal aorta, complicated by an aortogastric fistula. The 
most probable cause of infection is gastroenteritis 3 
months before admission. Two aspects of this case report 
merit detailed discussion: mycotic aortic aneurysms at the 
suprarenal level involving the visceral arteries and aortic 
aneurysms ruptured into the stomach. As far as we know, 
the association of these uncommon entities, with success- 
ful surgical treatment, has never been reported. 

Table 2 lists reported comparable mycotic aneurysms of 
the upper abdominal aorta in the vicinity of the visceral ves- 
sels. The most prevalent offending microorganism is Salmo- 
nella, which appears to have a unique predilection for seed- 
ing the atherosclerotic abdominal aorta.”®?!32.21 Neverthe- 
less, in half of these patients, such mycotic aneurysms arise 
from an otherwise normal-appearing aortoiliacal system, 
free of major atherosclerotic changes.*>°011.202 In a study 
by Chan et al,” only four of the 18 saccular mycotic aneu- 
rysms (six of the aortic arch and 12 of the upper abdominal 
aorta) arose from a severely atherosclerotic aorta. Primary 
mycoticaneurysmsresult from weakening of the arterial wall 
by an infective process. In only about half of the cases, a pri- 
mary source of infection can be found, as there are 
gastroenteritis, "$22 bowel gangrene,” tonsillitis,” syph- 
ilis,*”’ tuberculosis,*"” pneumonia,”” bacterial endocardi- 
tis,” and infected hip prosthesis.'> For unclear reasons, pri- 
mary mycotic saccular aneurysms are most often located in 
aortic segment IV.” Such aneurysms rapidly increase in 
size, with the diameter doubling in 4 to 8 weeks.2!~ 

Most patients had long-standing fever of unknown or- 
igin (3 weeks to 1 year in duration), illustrating the insid- 
ious course and the confusing clinical picture. Misdiag- 
nosis may lead to unnecessary cholecystectomy" or 
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Mycotic 


Gram-positive Bate Died 


Tuberculosis 


Salmonella 





Outcome Comments 


Operation 


Died Autopsy, death after 8 d 
of hematemesis 


Died Autopsy, death after 8 d 
of melena 


Autopsy, death 3 d after 
operation for duodenal 
ulcer (previous history 
of tonsillitis and 
furunculosis) 


Died Death after 7 d of 
hematemesis 


Died Autopsy 


Died Autopsy, death 28 d after 
subtotal gastrectomy 


Died Autopsy, death after 2 d 
of melena and 10 wk of 
fever 


infrarenal Survived 
aortoaortic 


tube graft 


Gastric ulcer penetrating 
into aortic aneurysm 
(vagotomy, pyloroplasty 
3 y before) 


appendectomy” shortly before a subsequent operation 
disclosed the mycotic aortic aneurysm. Six patients were 
not operated on; all died of rupture of the mycotic aneu- 
rysm’”* or erosion of the aneurysm into the overlying 
stomach.**°” This report confirms that primary mycotic 
aneurysms have an extremely poor prognosis, unless 
surgically treated. 

Surgical treatment of mycotic aortic aneurysms remains 
controversial. The general rule has been exclusion of the 
infected aneurysm and extra-anatomic bypass to restore 
distal perfusion. This was done in three patients; in 
two,?! it concerned a supraceliac aneurysm without in- 
volvement of the splanchnic vessels and in another,” a 
proximal tapering aortoplasty preserved antegrade flow 
in the celiac and superior mesenteric arteries. In 23 
patients, an in situ repair was done through a thoracoab- 
dominal incision™* since the atypical location of the 
mycotic aneurysm at suprarenal level, opposite the origin 
of major splanchnic vessels, precluded extra-anatomic 
reconstruction through clean, uncontaminated tissue 
planes. 

Aware of the refractoriness of arterial wall infections 
and unavoidable contamination of in situ prosthetic ma- 
terial, Crawford” and others!®”°~ maintain lifetime oral 
antibiotic therapy after in situ repair of primary mycotic 
aneurysms. In our patient, who suffered a low-grade in- 
fection without frank suppuration, a short antibiotic 
course of 2 months’ duration was interrupted after several 
sterile blood cultures and no evidence of infectious signs. 
Other arguments for this rather short antibiotic course 
were an almost complete surgical débridement of con- 
taminated necrotic tissue and prosthetic coverage by 
omentum mobilized by the operative site. Other authors 
follow the same strategy. 1012141626 

Spontaneous primary aortogastric fistulas are even less 
common. Of the eight cases reported in the literature, only 
four aneurysms were described as mycotic.?*’ In three 
cases, it concerned a fusiform infrarenal aneurysm,'** 
while in five cases,**>’ it was a retrogastric saccular aneu- 
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Table 2.—Saccular Mycotic Aneurysm of the Celiac Aorta (Collective Review) 


No. of | Duration of Infectious 
Source, y Cases Fever Organisms 
Zypkin,? 1913 1 Not specified Syphilis 
Feller,’ 1930 1 Not specified Gram-positive 
cocci 
Scott et al,° 1949 1 24 mo Tuberculosis 
Morris et al,’ 1962 1 1 mo Salmonella 
Mundth et al,” 1969 1 4 mo No growth* 
Crawford et al," 3 Not specified Syphilis in 2, not 
and Skipper et specified in 1 
al,” 1978 & 1991 
James and 1 8 mo Salmonella 
Gillespie,” 1977 
Ewart et al,” 1983 1 3 mo Salmonella 
Johansen and 1 2 mo Salmonella 
Devin," 1983 
Atlas et al," 1984 1 2 mo Salmonella 
Strittmatter and 1 6 wk Salmonella 
Weinspach,’ 1984 
Suddleson et al,” 2 2 wk Salmonella 
1986 
3 wk Bacteroides 
fragilis 
Bitseff et al,"° 1987 2 Not specified Salmonella 
Not specified Salmonella 
Yao and 1 1 mo Tuberculosist 


McCarthy,” 1988 


Atnip,"® 1989 1 3 wk Klebsiella 

Reddy et al,” 1986 1 1 mo B fragilis 

Chan et al,” 1989 12 2 wk to 1 yr Salmonella, 
Staphylococcus 
aureus, 
Streptococcus, * 
no growth 

Skipper et al,” 1991 1 3 wk Clostridia 


Operation Outcome Comments 
= cal Died Autopsy, rupture into 
stomach 
iin Died Autopsy, rupture into 


stomach; previous 
history of tonsillitis 


e, Died Autopsy, aortogastric 
fistula 1 mo after 
subtotal gastrectomy 


Suture- Died Postoperative 
obliteration + aorto- myocardial infarction 
aortic bypass + (48 h) 
splenic bypass 

Tube grat + side Died Died 5th postoperative 
branches day (multiorgan 

failure) 

Excision — patch Not specified 
repair 

Tube grat + side Survived 
branches 

ik Died Moribund on 
admission 

Tube grat Survived 

Axillobifemoral Survived Splanchnic vessels 
bypass uninvolved 

ee Died Autopsy, aortogastric 
fistula 

Excision — patch Survived Right renal artery 
repair reimplanted 

Tube grat Survived Splanchnic vessels 

uninvolved 
Died Ruptured in operating 
room 

Excision — patch Survived 
repair 

Tube grat, Survived Died after distal 
spatulated distally anastomotic 


disruption 3 mo later 
Tube grat+visceral Survived 


reattacament 

Axillobifemoral Survived Secondary in situ 
+ tapering repair 1 y later, with 
aortopiasty + renal fatal outcome 


autotransplantation 


Tube grat+visceral All survived 6X recent contained 
reattacament rupture, 4X visceral 
arteries involvement 


Axillobifemoral Died Intraoperative rupture 
bypass 


*Culture of the aortic wall remained sterile in two patients, but there was clinical (sepsis by Pseudomonas [10 cases] and Staphylococcus 
aureus [20 cases]), intraoperative, and histologic (leukocyte infiltration of the aortic wall) evidence of the mycotic origin of these aneu- 


rysms. 


tIntraoperative cultures were sterile, but histologic evidence revealed tuberculosis aortitis. 


rysm of the upper abdominal aorta that eroded into the 
overlying stomach. The most common cause of fistuliza- 
tion was mechanical pressure necrosis of the adjacent 
stomach by the pulsating aneurysm. A penetrating gastric 
ulcer, as reported by two authors,”* is a rather exceptional 
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cause. Cnly in the case of Hauer Jensen and Dedichen? was 
there histologic evidence of peptic ulceration. 
Aortozastric fistula presents a diagnostic challenge. A 
high incex of suspicion is essential for early recognition 
of this condition before fulminant hemorrhage occurs. Of 
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Fig 1.—Preoperative chest roentgenograms (left and center) reveal a shadow (arrowheads, left) over the left lower thorax, with on profile, 
a rounded aspect (arrowheads, center). Contrast-enhanced computed tomographic scan (right) at T-11 reveals a large pseudoaneurysm of 
the upper abdominal aorta with a contained rupture (arrows). Note the lack of calcification in the aortic wall (arrowheads). 





Fig 2.—Postoperative >ortrol angiography (left) and computed to- 
mographic scan (right, illustrating the in situ repair with a prosthetic 
tube graft (arrows). 


interest is that three of the patients***® underwent an op- 
eration for peptic ulcer shortly before the aortogastric fis- 
tula was diagnosed. Characteristically, all patients had 
small premonitory “herald-bleedings” preceding exsan- 
guination with cataclysmic hematemesis or proctorrha- 
gia. Only one of the eight patients reporting aortogastric 
fistulas underwent operation. Endoscopy,” ® visualizing 
the fistula and eliminating other lesions, and computed 
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tomographic scan’ offer most useful information to 
determine proper diagnosis. Angiography adds no more 
information; it only rarely shows contrast extravasation 
into the digestive tract and fails to reveal the bleeding site. 

Earlier reports”***! supported the principle of direct 
closure of the fistula and exclusion of the involved aortic 
segment, with extra-anatomical bypass through remote 
clean tissue planes. This principle does not apply to cen- 
trally located aneurysms, eroded into the digestive tube. 
As proposed for all primary aortodigestive fistulas in 
more recent reports,” the only alternative in these 
particular cases is standard in situ prosthetic reconstruc- 
tion, with excision of a maximum of aneurysm wall, pri- 
mary intestinal repair by direct suture, and interposition 
of the omentum. 


CONCLUSION 


Extensive review of the literature allowed the authors to 
find fourother cases of mycotic aneurysm of the upper ab- 
dominal aorta, ruptured into the stomach.?*°’ All patients 
died before operation. This case report confirms that emer- 
gency operation, consisting of in situ graft inclusion with 
reattachment of the visceral arteries and direct closure of 
the gastric fistula, is the only valuable and appropriate 
technique to deal effectively with this condition. 


The authors are indebted to Jacqueline Dehousse for preparation 
of the manuscript. 
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Ulcerated Plaques in the Carotid Artery 
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We determined the accuracy of angiography in the diagnosis of internal carotid ul- 
cers by comparing the angiographic reports with the pathologic findings in 36 en- 
darterectomy specimens. Eighteen of these specimens had microscopic ulcer- 
ations, and the observer with the highest accuracy rate read 12, of which ten were 
ulcerated. These results revealed a sensitivity of 56%, a specificity of 89%, and an 
overall accuracy of 61% for angiography. The ulcers were classified into types A, 
B, and C to assess the interobserver agreement rate among three readers. This re- 
sulted in a 4% interobserver agreement among a total of 75 ulcers. Because of the 
high interobserver disagreement and the poor correlation between angiographic 
and pathologic findings in the surgical specimens, we conclude that the diagnosis 
of carotid artery ulceration by angiography is not reliable. (Arch Neurol. 1991;48:692- 


694). 
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Clinical Observation 


Routine Cholangiography During 
Laparoscopic Cholecystectomy 


Danny V. Cantwell, MD 


F Eee pic cholecystectomy is now the accepted pro- 


cedure of choice for removal of the gallbladder. The 
performance of routine intraoperative cholangiography 
during open cholecystectomy is controversial,!? and the 
debate continues with regard to the laparoscopic ap- 
proach.’ Cholangiography has been advocated to diag- 
nose choledocholithiasis and to clarify the ductal anat- 
omy.* A case is reported to illustrate this latter indication. 


REPORT OF A CASE 


A 47-year-old man presented with acute cholecystitis at 
another hospital. The diagnosis was confirmed with a positive 
biliary flow study and an ultrasound study showing multiple 
stones, with one impacted in the neck of the gallbladder. The 
common duct was of normal caliber, but the bilirubin level was 
slightly elevated at 22 wmol/L. All other liver enzyme levels were 


f normal. Four weeks later, an elective laparoscopic cholecystec- 


f 
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Fig 1.— The proximal common duct is partially occluded by a clip. 
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tomy was performed. At surgery, hydrops of the gallbladder was 
found. The distal cystic duct was clipped, and four clips were 
placed on the cystic artery. An operative cholangiogram showed 
almost complete occlusion of the proximal common duct (Fig 1). 
The most proximal clip on the artery was removed and a second 
roentgenogram (Fig 2) showed restoration of normal ductal 
anatomy. The postoperative course was uneventful. 


COMMENT 


There is understandable reluctance to carry dissection 
of the cystic duct well onto the common duct laparoscop- 
ically. Bleeding or ductal injury might occur that would be 
difficult to remedy. Failure to clearly identify the proximal 
common duct leaves it at risk of potential injury. Opera- 
tive cholangiography can be easily performed laparoscop- 
ically with a variety of methods.*° The cystic artery and 
duct are dissected and identified. Clips are usually placed 
on the artery before the cholangiogram, but it is not 
divided. The assistant surgeon performs the cholangiog- 
raphy using a mushroom-tipped catheter, as described by 
Olsen.° The duct is usually dilated with microscissors to 


Fig 2.— The common duct is normal after removing the proximal ar- 
terial clip. 
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facilitate cannulation. C-arm fluoroscopy permits rapid, 
complete evaluation of the ductal anatomy. The roent- 
genograms are obtained before dividing any structures in 
the porta hepatis. An accidental choledochotomy can be 
easily managed, whereas complete division is a surgical 
disaster. Unsuspected common duct stones were found in 
4% of cases. Experience with repetitive cannulations us- 
ing a dedicated surgical team improved the speed and 
performance of the procedure. Occasionally, a tiny cystic 
duct was difficult to cannulate, but the cholangiogram 
usually added approximately 5 minutes to the operation 
and was successfully obtained in the last 300 consecutive 
cases. 

This potential common duct injury illustrates the value 
of the cholangiogram in clarifying the ductal anatomy, 
even when the critical structures have apparently been 
identified. The length of the cystic duct and the relation- 
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A Prospective Study of Maturity-Onset Diabetes Mellitus and Risk of 
Coronary Heart Disease and Stroke in Women 
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Meir J. Stampfer, MD; Walter C. Willett, MD; 
Andrzej S. Krolewski, MD; Bernard Rosner. PhD; 
Ronald A. Arky, MD; Frank E. Speizer, MD; 


ship of the clipped cystic artery to the common duct can 
be appreciated. Surgeons should consider the potential 
benefits of performing routine cholangiography rather 
than retionalize reasons for omitting it. 
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We examined the relationship of maturity-onset clinical diabetes mellitus with the 
subsequent incidence of coronary heart disease, stroke, total cardiovascular mor- 
tality, and all-cause mortality in a cohort of 116 177 US women who were 30 to 55 
years of age and free of known coronary heart disease, stroke, and cancer in 1976. 
During 8 years of follow-up (889 255 person-years), we identified 338 nonfatal my- 
ocardial infarctions, 111 coronary deaths, 259 strekes, 238 cardiovascular deaths, 
and 1349 deaths from all causes. Diabetes was associated with a markedly increased 
risk of nonfatal myocardial infarction and fatal coronary heart disease (age-adjusted 
relative risk [RR] =6.7; 95% confidence interval [CI], 5.3 to 8.4), ischemic stroke 
(RR=5.4; 95% CI, 3.3 to 9.0), total cardiovascular mortality (RR = 6.3; 95% CI, 4.6 
to 8.6), and all-cause mortality (RR=3.0; 95% CI, 2.5 to 3.7). A major independent 
effect of diabetes persisted in multivariate analyses after simultaneous control for 
other known coronary risk factors (for these end points, RR [95% CI] =3.1 [2.3 to 
4.2], 3.0 [1.6 to 5.7], 3.0 [1.9 to 4.8], and 1.9 [1.4 to 2.4], respectively). The absolute 
excess coronary risk due to diabetes was greater in the presence of other risk fac- 
tors, including cigarette smoking, hypertension, and obesity. These prospective 
data indicate that maturity-onset clinical diabetes is a strong determinant of cor- 
onary heart disease, ischemic stroke, and cardiovascular mortality among middle- 
aged women. The adverse effect of diabetes is amplified in the presence of other 
cardiovascular risk factors, many of which are modifiable. (Arch Intern Med. 
1991;151:1141-1147). 
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Basic Science Review 


Pulmonary Compliance and Mechanical Ventilation 


p~ Michael B. Shapiro, MD, Robert H. Bartlett, MD 









EN ora spontaneous breathing begins with contrac- 
tion of the muscles of inspiration, which effect ex- 
ansion of the thoracic cage and create a pressure in the 
leural space that is negative with respect to that of the 
_.tmosphere. Since the airway pressure in the lung at 
nd-expiration is in equilibrium with the atmosphere, the 
ansthoracic negative pressure gradient generated by in- 
iration is transmitted across the lung parenchyma, and 

Ma lung expands. 

Mechanical ventilation, in contrast, usually refers to a 
machine blowing gas into the airway during inspiration, 
with lung inflation resulting from the pressure generated, 

which is positive relative to the atmosphere. During either 
pontaneous breathing or mechanical ventilation, the re- 
tionship of inflating pressure (negative or positive) to 
dlume is defined as “compliance” (Figure). Expansion is 
nited by the amount of pressure generated or applied, 
w the volume of the lungs, and also by the inherent 

Lovers of elastic recoil in both the chest wall and the 

g parenchyma. 

The volume of gas that moves into the lung with any 

piration can be directly measured, as can the pressure 

ge with which it is associated. The ratio of these two 
easurements, the amount of gas moved for a known 
ange in pressure, is defined as compliance and is mea- 

ed in milliliters per centimeter of water, normalized as 
illiliters per centimeter of water per kilogram. While 

_ mal compliance values in adults are usually 100 mL/cm 

) or greater, the adult patient with life-threatening 
»iratory failure typically has a value of less than 
mL/cm H,O. Compliance is measured and reported 
der static or dynamic conditions. 

Static compliance” refers to measurement of “plateau” 
Ssure in the airway at the end of a measured inspira- 
1, when exhalation is transiently occluded and there is 
gas flow. Static compliance reflects the recoil proper- 
of the lung parenchyma and the chest wall. 
Dynamic compliance” refers to the measurement of 
‘ssure and volumecontinuously during a single breath. 
dally only the expiratory phase is reported, as shown 

_ the Figure. To derive a single number representing 

vpliance from the entire dynamic curve can be mis- 
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leading. The peak inspiratory pressure is determined not 
only by lung compliance, but also by inspiratory flow rate 
and resistance to airflow in the conduit tubing and 
airways. The pressure should be measured in the pleural 
space, bu: that is impractical. In mechanically ventilated 
patients, we use the manometer on the ventilator tubing, 
which is several feet away from the patient. Compliance 
using this pressure measurement is referred to as “effec- 
tive” compliance. Thus, compliance in ventilated patients 
should be measured during an inspiratory hold and de- 
scribed as “static effective compliance.” 

Acute respiratory failure is often characterized by the 
accumula-ion of edema fluid in the interstitial space of 
lung parenchyma, alveolar volume loss, or both. In car- 
diogenic pulmonary edema, this is caused by volume 
overload or left-sided heart failure, which results in 
increased hydrostatic pressure within the pulmonary 
capillary bed; the disequilibrium in normal Starling regu- 
latory forees favors fluid loss from the vascular space to 
the interstitium. 

In adult respiratory distress syndrome (ARDS), the ini- 
tiating event is an alteration in permeability of the 
pulmonary vascular endothelium, with resultant intersti- 
tial (and subsequently alveolar) flooding. Inflammatory 
mediators induce edematous thickening of the alveolar 
capillary membrane and interstitium, which impair lung 
expansion; if persistent, irreversible fibrosis results. Com- 
puted tomography and gas exchange studies in ARDS 
have demonstrated that the pattern of lung injury is in- 
homogeneous, with relatively healthy areas of paren- 
chyma (usually anterior) interspersed with edematous 
and atelectatic lung tissue (usually posterior). This results 
in a 20% =o 80% decrease in alveolar volume. 

The dynamic compliance curve of a 75-kg man with 
ARDS looks like that of a normal child (Figure). In ARDS, 
when fibrosis follows edema, the elastic properties of the 
parenchyma are diminished such that progressively 
greater pressure is required to achieve inflation with a 
given tidal volume. Hence, compliance in ARDS is 
decreased because of lung size primarily and fibrosis sec- 
ondarily (compliance is also decreased by chest wall 
edema, hydrothorax or pneumothorax, or increased ab- 
dominal pressure). 

Numerous studies using animal models have demon- 
strated that peak airway pressure greater than 40 to 50 cm 
H,O irrevocably injures normal alveoli. At pressures 
above 40 em H2O there is no significant increase in alve- 
olar inflation, but rather overdistention of already inflated 
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Volume/pressure (compliance) relationships. TLC indicates total 
lung capacity; and FRC, functional residual capacity. 


alveoli (Figure). It is common to think of the decreasingly 
compliant lung as “stiff,” as increased alveolar and inter- 
stitial fluid make inflation progressively more difficult. 
Stiffness, more precisely defined as “elastance,” is simply 
the inverse of compliance, that is, the change in pressure 
associated with a given change in volume. It is more ap- 
propriate to recognize the effective reduction of function- 
ing alveoli and refer to the diseased lung as “small.” 

Mechanical ventilation is a supportive function, de- 
signed to facilitate oxygen delivery and carbon dioxide 
removal. Recognition of decreased compliance—along 
with the associated implications of diffuse alveolar and 
interstitial injury—in the patient with acute respiratory 
failure should have an important influence on the regu- 
lation of this mechanical support. The conventional 
approach to ventilation in the adult population currently 
is volume-regulated. This emphasizes delivery of a pre- 
determined tidal volume with each breath regardless of 
the airway pressure required to achieve it. When lung 
compliance is diminished, this results in increased airway 
pressure, which, in turn, is applied directly to the 
remaining healthy alveoli. As noted above, if the airway 
pressure exceeds 40 cm H,O, alveolar damage will occur. 
Thus, the tidal volume should be adjusted to achieve in- 
flation, but to avoid overdistention. It is clearly unrea- 
sonable to ventilate large and small lungs with the same 
tidal volume, whether the lungs are small because they 
are in a normal child or in an adult with ARDS. 

In pressure-regulated ventilation, gas flows until a 
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given pressure is reached or until an interval has elapsec 
tidal vclume generated is then a variable that reflects ur 

derlying compliance, increasing as lung injury resolves 

This has been the standard mode of neonatal ventilator, 
treatment for the past 20 years. Pressure-regulated, time 
limited ventilation is widely used in Europe and is gain 
ing pre-erred status in critical care units in America. Wher 
the time of inspiration is more than half the respirator: 
cycle, the system is called pressure-support, inverse-ratic 
ventilation. 

Posit.ve end-expiratory pressure (PEEP) and contin 
ous positive airway pressure (CPAP) involve the applic j 
tion of continuous positive pressure to the airway 
achieved by regulating expiratory resistance. In volume 
regulated ventilation, this results in increased inspirator 
peak pressure to achieve the same tidal volume as comm 
pliance decreases, while in pressure-regulated ventila 
tion, it is the generated tidal volume that decreases as 
complicnce worsens. While PEEP/CPAP increase func 
tional residual capacity and improve oxygenation, over 
distention of alveoli can occur if peak airway pressure ex 
ceeds 4) cm H,O, and this accounts for the typical spira 
of increasing PEEP and worsening compliance commonly 
seen in the volume-ventilated patient with ARDS. 

In acdition to alveolar damage caused by high pealii 
pressure, elevated mean airway pressure impairs venou 
return end embarrasses cardiac output. Recognition of th 
relationship between PEEP and cardiac output has led tee 
the idez of a “best PEEP,” in which PEEP is titrated to tham 
level at which oxygen delivery (measured as mixed-venous 
oxygen saturation) is optimized. This level may or may nc 
correspond to the level that optimizes com, "> e. 

Mechanical ventilation serves to carry .he patie 
through a period of respiratory failure, but it should 
though: of as passive support rather than active tre 
ment. Other aspects of patient treatment are more i 
portant than the mode of ventilation. Close attention t 
oxygen delivery and consumption relationships, carbow 
dioxide production, transfusion to maintain norm 
oxygen-carrying capacity, relationships between nutm 
tion and ventilation, maintenance of near-baseline weig™ 
through diuresis or hemofiltration, and the role of altere 
positioning in improving ventilation/perfusion matchir 
are all components of a sophisticated approach to resp 
ratory eare. 

Misuse of mechanical ventilation can do more harm t! 
good. The principles of pulmonary mechanics, and es 
cially an understanding of compliance, should help 
surgeon treating patients avoid exacerbating lung injt 
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Cenference Directors: Samuel Hellman, MD and Monica Morrow, MD 






~ sreast Cancer therapy has evolved from a single surgical approach to a variety of options and multidisciplinary 

atments which contmuc to change as new data is acquired. Topics will include: consequences of screening 
ammography, chemoprevention and risk assessment, patient selection for breast preservation, management 
f local failure and adjuvant therapies in node positive and node negative women. 
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What trends exist 
among medical groups today? 


yee Available now. .. Medical Groups in the U.S.—A Survey of Practice 

Medical Groups | Characteristics 1990 Edition is the ideal reference for anyone interested in 
Pe es I current trends or involved with planning for the ongoing success of an 

iy, CPOE existing group. 

Medical Groups in the U.S. is the only source of comprehensive information 

on medical groups. It summarizes and analyzes the latest survey data and 

census information for more than 16,000 medical groups throughout the 

country. 


Backed by the authority of the AMA 
The data you'll find in this reference is derived from the AMA Masterfile, 
the only database maintained on all U.S. physicians. 


Some specific areas of information addressed in the book: 


e number of groups e managed care impact 
e group size e hospital relationships 
e specialty composition e medical facilities 

e geographic distribution è business equipment 


e organizational characteristics 


Here’s how you can order your copy now! 

Order this latest version of Medical Groups in the U.S.—A Survey of 
Practice Characteristics 1990 Edition. Order Number OP 390390. 
AMA Member $50, Non-member $70. Call 1-800-621-8335 and charge 
payment to your Master Card, Visa, American Express, or Optima. 
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Raynaud’s Syndrome 


Edited by Ernest D. Cooke, Andrew N. 
Nicoladides, and John M. Porter, 230 pp 
with illus, $95, London, England, Med- 
Orion Publishing Co, 1991. 

This is a comprehensive, well- 
organized, and detailed book regard- 
ing the pathophysiologic character- 
stics, diagnosis, and management of 
disturbances in the microcirculation 
of patients with primary Raynaud's 
disease and secondary Raynaud’s 
syndrome. This is the best contem- 
porary reference available for stu- 
dents, residents, and practicing phy- 
sicians seeking up-to-date infor- 
mation about this disease complex. 
Descriptions of the immunologic, 
physiologic, technologic, and phar- 
macologic aspects of the disease 
complex are combined in a cogent 
format that includes extensive docu- 
mentation. This text should be part 
of the reference library for physicians 
treating vascular diseases in the 
1990s. 

WILLIAM D. TURNIPSEED, MD 
Madison, Wis 


Complications in 
Vascular Surgery 


Edited by Victor M. Bernhard and 
Jonathan B. Towne, 521 pp, with illus, 
$89, St Louis, Mo, Quality Medical 
Publishing Inc, 1991. 


This text contains the edited pro- 
ceedings of a symposium held at the 
University of Arizona, Tucson, in 
March 1991. Many of the authors are 
internationally recognized for their 
expertise in the management of com- 
plicated secondary and tertiary vas- 
cular reconstructions. Although the 
multiauthored nature of the text ac- 
counts for some unevenness in pre- 
sentation, most authors have fo- 
cused appropriately on elucidating 
the mechanisms of complications so 
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they can be most effectively avoided. 

The book begins with an interest- 
ing discussion of current standards 
for reporting complications in vascu- 
lar surgery, followed by a chapter 
categorizing errors in noninvasive 
vascular testing. While these chap- 
ters are thoughtful and extensive, 
the strength of the book lies in the 
subsequent discussions of specific 
complications and their avoidance, 
recognition, and treatment. Several 
chapters are particularly clear and 
complete. These include the chapters 
on hypercoagulable states, complica- 
tions of anticoagulation, visceral is- 
chemic syndromes, and impotence 
after aortic surgery. An extensive 
discussion is provided regarding pa- 
tient selection for renal revascular- 
ization as well as the acute and 
chronic problems associated with re- 
nal artery reconstructions. The dis- 
cussion of vascular graft infections is 
well documented, clinically relevant, 
and accompanied by useful illustra- 
tions of techniques of aortic “stump” 
closure. The management: of failed 
distal bypass grafts is discussed in 
several chapters; alternatrve recon- 
structions are clearly described. Two 
topics often not included ir standard 
vascular surgical texts (complications 
of vascular access and sclerotherapy) 
are discussed most adequately. Per- 
haps the most definitive single pre- 
sentation addresses complications of 
carotid endarterectomy not -elated to 
stroke; the author provides a com- 
plete review of the literature while 
maintaining a highly practical and 
clinical focus. 

A common criticism of books that 
are compilations of symposium pre- 
sentations is the variable tone among 
chapter. In this case, some authors 
reviewed the literature extensively 
while others used minimal refer- 
ences and referred instead to their 
extensive clinical experience. De- 
spite these occasional inconsisten- 
cies, there is much useful anc practi- 
cal information in this volume. The 
illustrations are well done, end the 


indexing is very complete, enhanc 
ing its value as a reference text 
Future editions may profit from ¿ 
more regimented organization it 
which each category of operation im 
introduced by an overview of rele- 
vant literature regarding outcome: 
and expected mortality and morbid- 
ity. This would allow each succeed: 
ing contribution in that section to fo 
cus more on specific complications 
with such discussion being enriche. 
by the authors’ considerable clinice 
acumen. 

BRUCE L. GEWERTZ, MD 

Chicago, Ill 


Thoracic Outlet 
Syndrome: A Common 
Sequela of Neck Injuries 


By Richard J. Sanders and Craig E. 
Haug, 348 pp with illus, $75, Philadel- 
phia, Pa, JB Lippincott, 1991. 


The diagnosis and treatment of 
thoracic outlet syndrome is still con- 
fusing to and controversial among 
clinicians. Dr Sanders, who has long 
been interested in this area, has com- 
piled a complete and informative 
volume addressing this topic based 
on his 25 years’ experience in treating 
more than 850 patients with symp, 
toms of thoracic outlet syndrome.- 
The book is very organized, with 
ample subheadings that make it easy 
to read. The text is supplemented 
with excellent illustrations and suffi- 
cient tables. Particularly important 
features are the exhaustive summary 
and the analysis of the existing liter- 
ature, which are presented clearl 
and objectively. With additional c“ 
tributions from physiologists, 1 — 
rologists, and physiatrists, all 
pects of thoracic outlet syndrome a. 
well covered despite some mint 
repetitions. 

The text begins by identifying the 
problem of lack of objective diagnos: 
tic criteria for and consensus in treat- 
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ing thoracic outlet syndrome. This is 
followed by a description of the his- 
tory and evolution of different meth- 
ods of therapy, dating back 170 
years. The section on etiology is 


g! focused on the relationship of neck 


f 


— A — rn - 


“njuries to nerve compression and is 


~ omplemented by a well-illustrated 


| 2count of the anatomy of the region. 


£ particular interest is the original 
_ hapter on histology and histochem- 
try of the scalene muscles, which 
discusses current microscopic evi- 
ence of the association of muscle 
. yury with thoracic outlet compres- 
, ion. 
__ The sections on clinical presenta- 
ən and diagnostic studies are thor- 


dies. The importance of differen- 
al or associated diagnosis is 

| atessed. This is followed by a con- 
ise and well-illustrated description 

_ f available methods of conservative 
‘eatment. The discussion of opera- 
ve techniques is complete and con- 
ins practical tips. Comprehensive, 


f 
a 
| ugh, quoting the results of 17 other 


AJDC 


A Survey of Antiemetic Use in Children With Cancer 


step-by-step depictions of each op- 
erative approach are accompanied by 
many illustrations. Postoperative 
management and complications are 
well discussed. 

A summary of the results of surgi- 
cal treatment indicates the authors’ 
extensive research of the literature. 
The authors have attempted to stan- 
dardize the results from different 
publications by using a uniform 
grading system and life-table statis- 
tics. The data are presented effec- 
tively and objectively in tables. Com- 
parisons are made between different 
operative approaches and in consid- 
eration of varying etiology and num- 
bers of second operations. The anal- 
ysis is informative, but no 
statistically significant differences 
were observed. 

The text concludes with sections 
discussing recurrence and arterial 
and venous involvement. The au- 
thors have expressed their treatment 
strategy in the overview. We share 
many of the authors’ thoughts re- 


In Other AMA Journals 


garding this condition, but do not 
agree with their proposal for staging 
the operative treatment. A final 
chapter on medical legal advice is 
also included. The 60-page anno- 
tated bibliography is to be com- 
mended as the most extensive sum- 
mary of the existing medical 
literature on the topic. 

The aim of the authors is to pro- 
vide a basic account of the data 
currently available on the confus- 
ing issue of thoracic outlet syn- 
drome and to present their relative 
personal experiences. This has cer- 
tainly been achieved. The com- 
pleteness of the text, the objectivity 
of presentation, and the abundance 
of references make this an invalu- 
able volume for vascular and ortho- 
pedic surgeons, neurologists, and 
general practitioners who have a 
direct interest in treating patients 
with neck trauma. 

STEPHEN W. K. CHENG, MD 
RONALD J. STONEY, MD 
San Francisco, Calif 


Jack van Hoff, MD; Marilyn J. Hockenberry-Eaton, MSN, PNP; 
Katherine Patterson, MN; John J. Hutter, MD 


Pediatric oncologists within Pediatric Oncology Group institutions were surveyed 
to determine current antiemetic practices for children receiving chemotherapy and 
the basis for those practices. A mean severity rating for associated nausea and 


vomiting was calculated and used to rank 31 chemotherapeutic agents commonly 
used in the treatment of childhood cancer. Antiemetics were used 17%, 79%, and 
98% of the time for chemotherapeutic agents with mild, moderate, or severe as- 
sociated nausea and vomiting, respectively. A median of one, two, and three an- 
tiemetics were used for mild, moderate, and severe agents, respectively. Antihis- 
tamines and phenothiazines were the drugs most commonly used for agents 
causing mild or moderate nausea and vomiting, and metoclopramide hydro- 
chloride/antihistamines with lorazepam and/or corticosteroids were used most of- 


Reprints not available. 
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ten for chemotherapeutic agents causing severe nausea and vomiting. Most oncol- 
ogists based their choice of antiemetics on personal experience. Current literature 
addressing the treatment of nausea and vomiting in children receiving chemother- 
apy, as reviewed here, does not always support the present clinical practices. 
(AJDC. 1991;145:773-778). 
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Professional Opportunicies 


GENERAL SURGEON, board-certified/-admissible, 
to join established solo practice, 40% trauma. Guar- 
anteed minimum income and financial package. 
Office next to 380-bed, full-service suburtan hospital. 
Write: John Webb, MD, F.A.C.S, 2750 Hespital Drive, 
North Kansas City, MO 64116. Or call collect: (816) 
474-6464. 


GENERAL SURGERY OPPORT JNITY 


A well established general surgery grou> practice 
seeks a fourth well-trained general suageon: an 
interest in trauma, or colo-rectal or vascular 
surgery would be desirable. Become aa integral 
part of this rapidly expanding practiee. Enjoy 
excellent community teaching hospita facilities 
in a scenic coastal New England area easily acces- 


sible to Boston. Highly competitive cc mpensa- 
tion package. 


Fulton, Longshore & Associates Inc. 


527 Plymouth Road — Suite 410 EE 


Plymouth Meeting, PA 19462 
Phone: (215) 834-6780 
FAX: (215) 834-6785 
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GENERAL SURGEON - BC or BE for Drestigious, 
70-physician, multi-specialty group practice in upper 
midwest capital city, sportsman's paradise. Clinic 
adjoins 250-bed tertiary center with stat-of-the-art 
facilities. Would join and share call with three other 
general surgeons. Reply to: Box #940, c/a AOS. 


GENERAL SURGEON needed for Missouri city of 
40,000. No HMOs or PPOs. Two excellent hospitals 
with good surgery scheduling. Regiona trade and 
service center with clean industries and t niversity of 
9,000. Low cost of living and only 3% unemployment. 
Salary, production incentive and full benefts. Partner- 
ship available. Send CV or call: Neal Steinhoff, Jack- 
son and Coker, Inc., 115 Perimeter Center Place, 
Suite 380 20222, Atlanta, GA 30346. “elephone: 
(800) 554-1987. 


SURGICAL ONCOLOGIST 


Rare opportunity for you to develop a surgical 
oncology program. 


e Modern medical center — 3 years old 
e 700 new cases per year 
e Wide variety of cancer cases 


Kaiser Permanente Medical Center in Riverside 
is located in a culturally and geographically 
diverse area that offers affordable housing, 
excellent schools/universities and a high quality 
of life. Send your CV to: 
Irwin P. Goldstein, MD, SCPMG, 
Department 042, Walnut Center 
Pasadena, CA 91188-8013 





Or call: (800) 541-7946 


GENERAL SURGERY — NORTH CARCLINA: Out- 
standing opportunity for BC/BE general/vescular sur- 
geon in affluent community in foothills of mountains. 
Attractive, impressively well-equipped hospital. Mag- 
nificent scenery, equestrian events, yearsound golf- 
ing, vacationer's/sportsman's paradse! Large 
metros, world class beaches brief commute. Out- 
standing compensation package, call coverage. 
Mary Cay Burke, (800) 333-3911 or FAX our CV to: 
(404) 641-6414. 





PLEASE NOTE — Address replies to box number 
ads as follows: Box number c/o AOS, 
P.O. Box 1510, Clearwater, FL 34617. 
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Professional Opportunities 


PITTSBURGH - BE/BC cardiothoracic surgeon: 
Outstanding opportunity to join established two-per- 
son cardiothoracic surgery group affiliated with large 
teaching hospital. High-volume practice includes 
comprehensive range of adult cardiovascular and 
thoracic procedures. Associate will play an active 
role at main hospital and assist group to develop 
suburban patient base. Attractive partnership poten- 
tial. Please reply to: Daniel Stern and Associates, 
211 North Whitfield Street, Suite 240, Pittsburgh, PA 
15206. (800) 438-2476. 


CENTRAL PLAINS REGION 


A third general surgeon is being sought for an 
established practice in “one of America’s ten 
best small cities in which to live and raise a 
family”. Practice includes all aspects of general 
surgery, peripheral vascular, thoracic work, and 
Level || trauma coverage at their 400+ bed 
regional medical center. Competitive income, 
attractive benefits and partnership offering. 


Call Carlos Velazquez at: 


(800) 327-1585 





TO > all 














VIRGINIA — Surgeon with growing practice in rural 
waterfront community seeks BC/BE associate for 
eventual partnership. Competitive guarantee. Please 
send letter and CV to: Box #941, c/o AOS. 
























Join Us | 
In Wisconsin 


You are a BC/BE general surgeon 
looking for it all. You want a big town 
practice in a small town...You want the 
financial security of a large group but 
the autonomy of a small group...You 
want to be able to do broad-based 
surgery in a small town and enjoy staff 
privileges at a major tertiary care cen- 
ter, minutes away, with cutting edge 
surgical resources at your disposal. 









We are a group of eight physicians in 
a Clinic setting adjoining Apple River 
Hospital. We are an autonomous clinic 
connected with a 200+ physician 
group. We practice very high quality 
medicine and enjoy a fine standard of 
living and top drawer benefits. 


Please call or write: 








David Perry, MD 
225 Scholl Street 
Amery, Wisconsin 54001 


(715) 268-7191 
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RANSPLANT SURGEON — Private, multi-specialty 

_ group, active in kidney and pancreatic transplanta- 

“tion. Forward CV to: Dr. D.B. Currier, 106 Irving 
Street, Northwest, #420. Washington, DC 20010. 
Telephone: (202) 722-0185. 


GENERAL SURGEON needed to join well-estab- 
lished surgeon in central California. BC/BE required. 
Guaranteed salary first year. Desire partnership sec- 
ond or third year. Send CV to: Box #942, c/o AOS. 











| -GENERAL 
“SURGEON 


BREASTSURGERY 
St. Luke’s/Roosevelt Hospital Center, a 
rogressive 1315-bed voluntary teaching 
hospi on Manhattan’s West Side, and an 
“wifiliate of Columbia University’s College 


it Physicians and Sur 
4 Msoke for a Board 


y 








ns, is currently 
rtified or Board 
į Eligible Surgeon to assume a leadership 
~ role in developing a Comprehensive 
fon Screening and Follow-up Program. 
Responsibilities will include: integration of 
{| the existing Breast Screening Program 
_| with development and implementation of 
new institutional initiatives, Hospital- 
Based Clinic management, participation in 
the Developmental! Private Practice 
, and the development of ongoing 
Research Initiatives. This position will also 
offer general responsibilities for emergen- 
cy surgical care. 
Please forward CV to: M. David Tilson, 
MD, Director of Surgery, St. 
Luke’s/Roosevelt Hospital Center; 428 W. 
59th Street, New York, NY 10019.An 
Equal Opportunity Employer M/F 





















| versity of California, San Francisco, and its affiliate, 

-| Veterans Administration Medical Center, Fresno. 
seek an academic full-time general surgeon. Qualifi- 

"| Cations should include beard-certification or -eligibili- 

| ty, skills in clinical instruction of housestaff and 
Students, and research interests. The central Califor- 

| nia location offers delightful living conditions and 
ready access to both meuntains and coastal recre- 
ational areas. Send inquiries and CV to: James M. 
Guernsey, MD, Chief, Surgical Service, VA Medical 
Center, 2515 East Clinton Avenue, Fresno, CA 
93703. (209) 228-5366. UCSF is an EOAA employer. 


-~ Directors Wanted 


CHAIRPERSON, Department of Surgery, Meharry 

Medical College. Meharry Medical College is seeking 

a Chairperson for the Department of Surgery. An MÒ 
_ degree with board-certification in general surgery is 
required. Subspecialty board would be preferable, 
but not required. Must have established reputation as 
a teacher, clinician and imvestigator. Must have wide 
national reputation within the academic surgical field. 
_ Responsibilities include but. are not limited to supervi- 

Sion and provision of surgica’ patient care, participa- 
-tion in teaching medica! students and residents and 
development of an active research program. Mini- 
_ mum experience of at least three years as associate 
y professor required. Meharry Medical College is an 
equal opportunity/affirmative action employer. Please 
direct inquiries or submit curriculum vitae to: Harold 
‘D. Thompson, MD, Chairperson, Search Committee 

r a Chairperson of the Department of Surgery, 
Meharry Medical College. +005 D.B.Todd Boulevard, 
Nashville, TN 37208. 
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Directors Wanted 


PHYSICIAN: Chief of Surgical Service. Tha Universi- 
ty of South Florida, Department of Surgery, and the 
Department of Veteran's Affairs, located in Tampa 
Bay area, are seeking applicants at the level of asso- 
ciate professor or professor to the chief, surgical ser- 
vice at the Bay Pines VA Medical Center. The 
hospital is a modern, 1,100-bed facility, located in the 
Gulf Coast area and offering various levels of general 
medical and surgical care. Board-certificaton in gen- 
eral surgery and excellent clinical and teaching cre- 
dentials are essential. Research and adninistrative 
experience is highly desirable. Interested sandidates 
may forward inquiries and an updated surriculum 
vitae to: Chairperson, Search Committee (111), VA 
Medical Center, Bay Pines, FL 33504. EOE. 








THE DEPARTMENT OF SURGERY at the University 
of California, Davis seeks a full-time acad®mic Chief 
of Surgical Oncology. The level of appointment will 
be commensurate with qualifications. Applicants 
must be either board-eligible or board-certified in 
general surgery with expertise in teachinc, research 
and surgical oncology. A letter outlining research and 
teaching background, a curriculum vitae and bibliog- 
raphy, along with the names of three meferences 
should be forwarded to: James E. Goodnight, Jr., 
MD, PhD, Department of Surgery, University of Cali- 
fornia, Davis, 4301 X Street, Sacramento, CA 95817. 
This position will remain open until filled However, 
applications will not be accepted after July 15, 1992. 
The University of California is an affirmajve action/ 


equal opportunity employer. 





UNIVERSITY OF TEXAS Southwestem Medical 
Center at Dallas: Seeking board-certified surgeon for 
Chairman, Division of General Surgery, Southwest- 
ern Medical School. Academic and administrative 
experience required. Duties include drection of 
undergraduate and postgraduate teaching, direction 
of continuing medical education efforts, development 
and direction of research activities, direction of clini- 
cal care at three university-affiliated hospitals. Prefer 
experience in patient care at large metropolitan hos- 
pital. Generous salary and fringes provided. Contact: 
C. James Carrico, MD, Chairman/Department of 
Surgery, Southwestern Medical Center at Dallas, 
5323 Harry Hines Boulevard, Dallas, ~X 75235- 
9031, or call (214) 688-3504. Equal coportunity 
employer. 


mr ei ii - 


‘PORTLAND, OREGON 


Emanuel Hospital & Health Center is currently 
seeking a Chief of Surgery to lead and direct the 
Surgery program. Candidates must be board- 
certified in surgery, experienced in acminister- 
ing a surgical program, committed to teaching 
residents and medical students, capabie of set- 
ting long term goals for the program and con- 
ducting and encouraging clinical reseerch. The 
position is geographic full-time, with oppor-tuni- 
ties for private practice. 

Emanuel is a 350-bed community based ter- 
tiary teaching hospital with general surgery, 
internal medicine and transitional residency pro- 
grams. Its Level | Trauma Center, Regional 
Burn Unit, high risk obstetrics and corspre-hen- 
sive pediatrics programs and rehabilitation ser- 
vices offer a stimulating teaching and research 
environment. 


Interested candidates should call or write: 
James Schimschock, MD, Chairpersen of the 
Search Committee, Emanuel Hospital & 


Health Center, 2801 North Gantenbein, Port- 
land, OR 97227. (503) 280-4058. 





Residencies 


THE ANESTHESIOLOGY RESIDENCY at the Uni- 
versity of Wisconsin has an unexpected opening at 
the CA1 level for July, 1992. Interested candidates 
should contact: The Residency Selection Sommittee, 
Department of Anesthesiology, University of Wiscon- 
sin Clinical Science Center, 600 Highland Avenue, 
Madison, WI 53792-3272. EOE. 


Directors Wanted 





CHAIRMAN of the Department of Surgery, Brown 
University Surgeon in Chief, Rhode Island Hospital. 
Brown University and Rhode Island Hospital are 
seeking an outstanding clinician to serve as Chair- 
man of the Department of Surgery at Brown Univer- 
sity School of Medicine, Surgeon-in-Chief at Rhode 
Island Hospital, and Director of the Brown University 
multi-hospital Integrated Residency Program in 
Surgery. The J. Murray Bearcsley Professorship at 
Brown University is attached to this position. The 
individual we seek is expected to plan, manage, and 
implement academic programs that foster the pro- 
fessional and scholarly growth of a multi-institutional 
Department of Surgery, and to provide leadership as 
Surgeon-in-Chief to the surgery faculty and attend- 
ing staff at Rhode Island Hospital. Applicants should 
have attained national and international stature in 
the field of surgery, demonstrate a record of excel- 
lence in scholarship, clinical service and academic 
administration, and have had at least five years 
experience working in an academic medical center 
in a position of senior responsibility. The incumbent 
will have overall responsibility for medical students 
and post-graduate education in surgery at Brown 
University, be expected to promote the development 
of research programs of appropriate breadth and 
depth for a university department of national stature, 
and to organize the resources of Rhode Island Hos- 
pital toward a broadly based academic unit. In addi- 
tion, he/she is expected to qualify for a named full 
professorship in the Brown University School of 
Medicine in the research scholar track. Interested 
applicants should forward a letter of application and 
updated curriculum vitae by June 1, 1992 to: William 
Oh, MD, Chairman of Search Committee Rhode 
Island Hospital, 593 Eddy Street, Providence, RI 
02903. Screening will begin on that date and contin- 
ue until a successful candidate is selected or the 
search is closed. Brown University and Rhode Island 
Hospital are equal opportunity/affirmative action 
employers and actively seek applications from quali- 
fied minorities and protected groups. 


ASSISTANT UNIT 
CHIEFS 


The University of Southern California, 
Department of Surgery announces the 
availability of one year positions with 
faculty appointment as a CLINICAL 
INSTRUCTOR IN SURGERY. 


TRAUMA ° CRITICAL CARE 
BURN SURGERY 


Individuals are sought to participate in 
the supervision of 3 TRAUMA services, 
a 16 bed SICU, and/or a 22 bed Burn 
Surgery Unit. (The experience can be 
tailored to the applicant's career goals.) 


FOREGUT + HEPATOBILIARY 
COLORECTAL + TUMOR 
VASCULAR 


Individuals are sought for supervision 
of one of the five focused surgical ser- 
vices, with participation in operative 
surgery, Clinical and laboratory 
research. 


Applicants should be A.B.S. Certified 
or eligible to take ABS examinations. 


Subspeci ise is not required. 
» Tom R. DeMeester, M.D. 
AA a and.Chairman 
Department of Surgery 
' ~ USC Séhool ot a hall 
\L.A. County+USC Medical Center 
‘1200 N. State Steet, oom 9900 
~ Los Angeles, CA 90033 
(213) 226-7765 


Equal Opportunity Employer M/F 
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= Faculty Positions 


THE UNIVERSITY OF SOUTHERN CALIFORNIA 
Department of Surgery invites applicants for the 
position of Associate Director of the LAC+USC Burn 
Center, a faculty position at the assistant professor 
level. The individual chosen must be certified in gen- 
eral surgery with special interest and demonstrated 
skills in patient care, teaching, and research in the 
management of burns. Candidates should send a 
CV and three letters of reference to: Bruce E. 
Zawacki, MD, LAC+USC Burn Center, 1200 North 
State Street, Room 12-650, Los Angeles, CA 90033. 


ACADEMIC SURGERY FACULTY — Department of 
Surgery, University of Illinois College of Medicine at 
Peoria is seeking qualified candidates in the special- 
ties of pediatric, transplant and trauma surgery to 
teach students and house staff. Strong research 
background and interest, board-certification and 
-eligibility for competency certification in respective 
specialty desired. Faculty rank, salary commensu- 
rate with experience. Applications considered until 
positions are filled. Forward CV to: Hugh V. Firor, 
MD, Chairman, University of Illinois College of 
Medicine, Department of Surgery, 420 Northeast 
Glen Oak, Suite 302, Peoria, IL 61603. The Universi- 
ty of Illinois is an affirmative action/equal opportunity 
employer. 





Fellowships 


FELLOWSHIP IN 


SURGICAL ONCOLOGY 


The Department of Surgery of the Medical Center 
of Delaware offers a one (1) year research clini- 
cal fellowship in surgical oncology. 


Candidates must have completed five clinical 
years of surgical residency. Curriculum vitae 
accompanied by three (3) letters of reference 
should be sent to: 
Lemuel Herrera, MD 
Chief of Surgical Oncology 
Medical Center of Delaware 
501 West 14th Street, Suite 400 
Wilmington, Delaware 19801 








Miscellaneous 


— CALL FOR PAPERS - 


The International Conference 
on Physician Health 
to be held 
January 28-31, 1993 
in Scottsdale, Arizona 

is accepting abstracts addressing topics relat- 
ed to physician health including AIDS, the HIV 
positive physician, problems related to aging, 
health promotion among physicians, mental ill- 
ness, physical disability, and substance abuse 
among physicians. Possible topics for presen- 


tation include: Incidence of health problems, 
treatment issues, and legal implications of these 
disorders. 


Abstracts which address issues related to 
these topics, but not dealing specifically with 
physicians are also welcome. 


Submission Deadline: June 15, 1992. 


Contact: 


Patrick McGuffin, PhD 
American Medical Association 
Department of Mental Health 
515 North State Street, Ciiigago, IL 60610 
(312) 464-406 








PLEASE NOTE ~ Address replies to box number 
a ie es CO AOS, 


ads as follows: Box number. 
P.O. Box 1510, Clearwater, FL 34617. 









SURGICAL ONCOLOGIST — The University of Ten- 
nessee Graduate School of Medicine, Department of 
Surgery is seeking a surgical oncologist at the assis- 
tant or associate professor level to join tne faculty in 
the expanding Division of Surgical Oncology. The 
candidate must be a board-certified or -2ligible aca- 
demic surgeon with strong clinical and/er basic sci- 
ence research interest. The position is available July 
1, 1992. Salary will be commensurate wth qualifica- 
tions, including an exceptional beneft package. 
UTGSM is ideally located in beautifu east Ten- 
nessee — at the foothills of the Great Smoky Moun- 
tains National Park — affording metropolitan 
conveniences coupled with rural charm. Candidates 
are invited to send their curriculum vitae and names 
and address of three references to: H. Sperry Nel- 
son, Jr., MD, Professor and Interim Chairman, 
Department of Surgery, University of Tennessee 
Graduate School of Medicine, 1924 Alcca Highway, 
Knoxville, TN 37920. UTGSM is an affirmative 
action/Title IX/Section 504-ADA employe . 









GENERAL SURGERY/SURGICAL ONCOLOGY: 
The University of Oklahoma College of Medicine — 
Tulsa, Department of Surgery is seeking a general 
surgery/surgical oncologist. The applicant must be 
certified by the American Board of Surgery, have 
completed a two-year oncology fellowship and be 
eligible for licensure in the state of Oklahoma. The 
applicant must have clinical expertise and experi- 
ence in teaching and oncological research. The posi- 
tion involves provision of patient care, teaching of 
medical students, training of surgical residents and 
participating in the academic department activities. 
Academic appointment and salary will be commen- 
surate with the selectee's qualifications. Closing date 
for applications is April 30, 1992. Please send CV to: 
Frank A. Clingan, MD, Professor and Chairman, 
Department of Surgery, The University of Oklahoma 
College of Medicine-Tulsa, 2808 South Sheridan 
Road, Tulsa, OK 74129. The University of Oklahoma 
is an equal opportunity/affirmative action employer. 
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We Target The Physician 
You Want! 


The Archives of Surgery's classified recruitment advertising section is 
seen by precisely the physician you need — general surgeons, plastic 
surgeons — plus other surgical subspecialties. A total targeted physician 


audience of over 32,000. 


Send your order today. Just complete the coupon below and attach 
your typewritten copy. Tha next available issue is May which closes 


Wednesday, March 25th. 


The classified rate is $1.80 per word for one issue. For three issues or 
more, the rate is $1.65 per word per issue. Minimum classified ad is 20 


words. 


Please insert my ad 
Place my ad under the heading 


Enclosed is my check for $ 
ment of my advertising schedule 


ORDER FORM — 
times, beginning with the 





issue. 








to cover full pay- 
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Senc all copy and payments to: 


ARCHIVES 


Surgery 


Classified Department P.O. Box 1510, Clearwater, Florida 34617 
National (800% 237-9851 Local (813) 443-7666 























“or Intravenous or Intramuscular Use 
i SE SEE FULL PRESCRIBING INFOFMATION FOR A COMPLETE DESCRIPTION. 
EF SUMMARY FOLLOWS. 


f NDICATIONS AND USAGE 
_ TREATMENT ace eS 

"= CEFOTAN is indicated for the therapeutic treatment of the following infections when caused by 
f susceptible strains of the designated organisms: gc ot 

F nary Tract Intections caused by £. coli, Klebsiella species (including K. pneumoniae), Proteus 

~ mirabilis, and Proteus sp (which may nciude the organisms now called Proteus vulgaris, Providencia 

rettgeri, and Morganella morganii). 

= Lower Respiratory Tract Infections caused by Streptococcus pneumoniae (formerly D. pneumoniae), 
__ Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 

~~ ‘including ampicillin-resistant strains}, A/ebsiella species (including K. pneumoniae), E. coli, Proteus 

| mirabilis, and Serratia marcescens”. 

= Skin and Skin Structure Infections due to Staphylococcus aureus (penicillinase- and nonpenicillinase- 
| producing strains), Staphylococcus epidermidis, Streptococcus pyogenes, Streptococcus species (excluding 

-2nterococci), Escherichia coli, Klebsiella pneumoniae, Peptococcus niger*, Peptostreptococcus species. 

_ Gynecologic Infections caused by Staphylococcus aureus (including penicillinase- and nonpenicil- 

_ linase-producing strains), Staphylococcus epidermidis, Streptococcus species (excluding enterococci), 
= Streptococcus agalactiae, E. coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species 
=, fexcluding B. distasonis, B. ovatus, B. thetaiotaomicron), Fusobacterium species’, and gram-positive 
| onaerobic cocci (including Peptococcus niger and Peptastreptococcus species). 

; Cefotetan, like other cephalosporins, kas no activity against Chlamydia trachomatis. Therefore, when 

_ + Sephalosporins are used in the treatmert of pelvic inflammatory disease, and C. trachomatis is one of the 
_ Suspected pathogens, appropriate anticniamydial coverage should be added. 

. intra-abdominal Infections caused 3y =. coli, Klebsiella species (including K. pneumoniae), Streptococcus 
. ~ Species (excluding enterococci), Bacterowes species (excluding B. distasonis, B. ovatus, B. thetaiotaomicron) 
= and Clostridium species”. 

-Bone and Joint infections caused by Staphylococcus aureus”. 

E “Efficacy for this organism in this organ system was studied in fewer than ten infections. 

-` Specimens for bacteriological examination should be obtained in order to isolate and identify causative 
‘rganisms and to determine their susceptibilities to cefotetan. Therapy may be instituted before results 
af susceptibility studies are known; however, once these results become available, the antibiotic treat- 
-inent should be adjusted accordingly 
_ In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
Serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
“oncomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
-lọ be synergistic in vitro against many Enterobacteriaceae and also some other gram-negative bacteria. 

__ She dosage recommended in the labelirg of both antibiotics may be given and depends on the severity of 
= 2 infection and the patient's condition 

__, NOTE: If CEFOTAN and an aminoglyccside are used concomitantly, renal function should be carefully 
` onitored, especially if higher dosaces of the aminoglycoside are to be administered or if therapy is 
longed, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
an i Ainough, to date, nephrotoxicity has net been noted when CEFOTAN was given alone, it is possible that 

at pire can may be potentiated if CE-OTAN is used concomitantly with an aminoglycoside. 

i PROPHYLAXIS 





ROP 
_ | The preoperative administration of CEFOTAN mayvreduce the incidence of certain postoperative 
-infections in patients undergoing surgical procedures that are classified as clean contaminated or 
potentially contaminated (e.g., cesarean section, abdominal or vaginal hysterectomy, transurethral 
piers biliary tract surgery, and gastrointestinal surgery). 
__ | The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
-= Patients undergoing cesarean section, CEFOTAN should be administered intravenously after the clamping 
_| of the umbilical cord. 
If there are signs and symptoms of intection, specimens for culture should be obtained for identification 
-Of the causative oo? so that apprapriate therapeutic measures may be initiated. 
_ CONTRAINDICATIONS 
va a aa is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
BEFORE THERAPY WITH CEFOTAN IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO 
DETERMINE WHETHER THE PATIENT FAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO 
_ CEFOTETAN DISODIUM, CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. IF THIS PRODUCT IS TO 
BE GIVEN TO PENICILLIN-SENSITIVE PATIENTS, CAUTION SHOULD BE EXERCISED BECAUSE CROSS- 
HYPERSENSITIVITY AMONG BETA-LACTAM ANTIBIOTICS HAS BEEN CLEARLY DOCUMENTED AND MAY 
OCCUR iN UP TO 10% OF PATIENTS WITH A HISTORY OF PENICILLIN ALLERGY. IF AN ALLERGIC 
REACTION TO CEFOTAN OCCURS, DISCONTINUE THE DRUG. SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE TREATMENT WITH EPINEPHRINE AND OTHER EMERGENCY MEASURES, 
INCLUDING OXYGEN, INTRAVENOUS F_UIDS, INTRAVENOUS ANTIHISTAMINES, CORTICOSTEROIDS, 
- PRESSOR AMINES AND AIRWAY MANAGEMENT, AS CLINICALLY INDICATED. 
__ Pseudomembranous colitis has been reported with nearly all antibacterial agents, including 
~ cefotetan, and may range from mild to life-threatening. Onset of pseudomembranous colitis symptoms 
= may occur during or after antibiotic treatment or rece a prophylaxis. Therefore, it is important to 
= consider this diagnosis in patients who present with diarrhea subsequent to the administration of 
antibacterial ts. 
___ Treatment with antibacterial agents aiters the normal flora of the colon and may permit overgrowth of 
+ Clostridia. Studies indicate that a toxin 2roduced by Clostridium difficile is a primary cause of “antibiotic- 
| associated colitis” 
After the yo pew of pseudomembranous colitis has been established, therapeutic measures should 
` be initiated. Mild cases of pseudomemoranous colitis usually respond to discontinuation of the dru 
| alone. In moderate to severe cases, consideration should be given to management with fluids and elec- 
trolytes, protein supplementation, and treatment with an oral antibacterial drug effective against 
Clostridium difficile. 
____ In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
| prothrombin activity and, possibly, subsequent bleeding. Those at increased risk include patients with 
renal or hepatobiliary impairment or pcor nutritional state, the elderly, and patients with cancer. Pro- 
~ thrombin time should be monitored and exogenous vitamin K administered as indicated. 
_ PRECAUTIONS 
General: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. if superinfection 
| does occur during therapy, appropriate measures should be taken 
|’ CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly Colitis. 
» — Information for Patients: As with some other cephalosporins, a disulfiram-like reaction characterized 
by flushing, sweating, headache, and tachycardia may occur when alcohol (beer, wine, etc.) is ingested 
‘within 72 hours after CEFOTAN administration. Patients should be cautioned about the ingestion of 
4 alcoholic beverages following the acministration of CEFOTAN. 
-Drug Interactions: Although to dete nephrotoxicity has not been noted when CEFOTAN was given 
it alone, itis possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
_?) aminoglycoside. 
` Drug/Laboratory Test Interactions: “he administration of CEFOTAN may result in a false-positive 
{reaction for glucose in the urine using Clinitest®t, Benedict's solution, or Fehling’s solution. It is 
y recommended that glucose tests based on enzymatic glucose oxidase be used. 
As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of serum 
d urine creatinine levels by Jaffe reaction and produce false increases in the levels of creatinine reported. 
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c= CEFOTAN... 


icefotetan disodium) 


Available in 1-gram and 2-gram vials 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Although long-term studies in animals have not 
been performed to evaluate carcinogenic potential, no mutagenic potential of cefotetan was found in 
standard laboratoryttests. l 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutanecus administration of 
500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (tnought to be 
developmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected ce Is included spermatogonia 
and spermatocytes Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methylthiotetrazole- 
containing antibiotics and impaired fertility has been reported, particularly at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks The relevance of these 
findings to humansais unknown. 

Pregnancy: Teratogenic Effects. Pregnancy Category B: Reproduction studies have been performed in 
rats and monkeys at ices up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies 
in pregnant women. Because animal reproductive studies are not always precictive of human response, 
this drug should be used during pregnancy only if clearly needed. 

Nursing Mothers: Cefotetan is excreted in human milk in very low concentrations. Caution should be 
exercised when cefotetan is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

In clinical studies, the following adverse effects were considered related to CEFOTAN therapy. Those 
appearing in italics‘have been reported during postmarketing experience. 

Gastrointestinal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700); pseudomembranous colitis. Onset of pseudomembranous colitis symptoms may occur 
during or after antibiotic treatment or surgical prophylaxis. (See WARNINGS.) 

Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 
200), positive direct Coombs test (1 in 250), and thrombocytosis (1 in 300); agranulocytosis, hemolytic 
anemia, leukopenia. thrombocytopenia, and prolonged prothrombin time. 

Hepatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

Hypersensitivity reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 
(1 in 700); anaphylactic reactions. 

Local effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). 

Miscellaneous: ever 

In addition to the adverse reactions listed above which have been observec in patients treated with 
cefotetan, the following adverse reactions and altered laboratory tests have been reported for cephalo- 
sporin-class antibictics: urticaria, pruritis, Stevens-Johnson syndrome, erythema multiforme, toxic epidermal 
necrolysis, vomiting, abdominal pain, colitis, superinfection, vaginitis including vaginal candidiasis, rena! 
dysfunction, toxic nephropathy, hepatic dysfunction including cholestasis, aplastic anemia, hemorrhage, 
increased BUN, inereased creatinine, elevated bilirubin, pancytopenia, and neutropenia. 

Several cephalosporins have been implicated in trig a seizures, particularly in patients with renal 
impairment when the dosage was not reduced (see DOSAGE AND ADMINISTRATION and OVERDOSAGE). 
If seizures associated with drug therapy occur, the drug should be discontinued. Anticonvulsant therapy 
can be ‘pt if clinecally indicated. 

DOSAGE AND ADMINISTRATION 
TREATMENT 

The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intramuscularly 
every 12 hours for 5 to 10 days. Proper dosage and route of administration should be determined by the 
condition of the patient, severity of the infection, and susceptibility of the causative organism 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 
1 or 2 g every 24 hours IV or IM 
1 or 2 g every 12 hours IV or IM 
Skin & Skin Structure 
Mild-Moderate@ 2 grams 2 g every 24 hours IV 
1 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6 gramsb 3 g every 12 hours IV 


n en sxin and skin structure infections should be treated with 1 or 2 grams every 12 hours 
IV or IM. 
bd Maximum daily dosage should not exceed 6 grams. 

If C. trachomatis is a suspected pathogen in gynecologic infections, appropriate antichlamydial 
coverage should be added, since cefotetan has no activity against this organism. 
PROPHYLAXIS 

To prevent posteperative infection in clean contaminated or potentially contaminated surgery in adults, 
the recommendec dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 30 to 60 minutes 
prior to surgery. In patients undergoing cesarean section, the dose should be administered as soon as 
the umbilical cordlis clamped. 
IMPAIRED RENAL FUNCTION 

When renal function is impaired, a reduced dosage schedule must be employed. See FULL PRESCRIBING 
INFORMATION fora complete description. 
NOTE: Parenteral drug products should be inspected visually for particulate matter and discoloration 
prior to administration whenever solution and container permit. 
Clinitest®* is a registered trademark of Ames Division, Miles Laboratories, Inc 
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e Simple dosing (intra-abdominal infection: 
1-2 g q12h; skin/soft tissue infection: 2 g q24h IV"; 
prophylaxis: 1-2 g as a single dose) is be*ter at saving 
you time and effort! 


è A longer half-life means CEFOTAN can De dosed 
less frequently—better savings of administration 
time and materials' 


è Sustained therapeutic levels? (including high biliary 
concentrations») simply assure coverag2 despite OR 
delays and prolonged procedures 


e Plus the assurance of clinically proven eFicacy® and 
simply outstanding polymicrobial coverage*”- 


Simply an outstanding choice 


CEFOTANw. 
(cefotetan disodium) 


*Please refer to product labeling for indicated organisms. 
tKlebsiella pneumoniae 1-2 g q12h IM/IV. 
tin vitro activity does not necessarily correlate with in vivo effectiveness. 


Please see adjacent page for brief summary of prescribing information. 
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